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Abstract
Southern Mongolia has been a region of intracontinental deformation since late Paleozoic 
time, as a consequence of successive terrane accretion to the southern margin of Asia.
Triassic through earliest Jurassic, non-marine strata at Noyon Uul syncline, an east-west 
trending, doubly plunging structure in southern Mongolia, provide an excellent record of the 
early Mesozoic episode of this deformation This study was conducted to better understand 
Mesozoic depositional systems and tectonics of this region by documenting stratigraphy, 
basin geometry, provenance and paleodispersal histories of syntectonic strata at Noyon Uul.
In this study, seven lithofacies are recognized and associated depositional environments 
determined through interpretation of sedimentary structures, depositional geometries, 
lithologie packages and by comparison of these determinations with modem and ancient 
analogs The lithofacies and environments include: 1) conglomerate lithofacies of a braided 
stream environment, 2) gray siltstone and sandstone lithofacies of a meandering stream 
system, 3) red shale and sandstone lithofacies of an alluvial plain system, 4) convoluted and 
rippled sandstone lithofacies of a lacustrine delta-front environment, 5) unlaminated shale 
and sandstone lithofacies of a prodelta environment, 6) unlaminated shale lithofacies of an 
open, oxic lake system and 7) laminated shale lithofacies of an anoxic, deep lake system. 
Paleocurrent data indicates convergent flow from the north and south limbs of the syncline 
towards an east-west trending, axial drainage system with principal basin flow towards the west 
and north Lithic volcanic lithologies (Qm̂ oFzvLtg, and QpgLvmg^LsmJ dominate sandstone 
provenance samples from both limbs and represent erosion of regional Upper Paleozoic, 
relict volcanic arc assemblages. Pebble counts from both limbs are also dominated by 
volcanic clasts and volcanic chert grains. Variability in clast composition between the two 
limbs is represented by the greater proportion of basic and intermediate volcanic clasts and 
plutonic clasts in pebble counts from the south limb, suggesting erosion of underlying 
plutonic complexes there
The syntectonic character of strata, asymmetry of stratal thicknesses and basin geometry, 
lateral continuity of lithofacies and a drainage pattern of transverse streams feeding a west- 
directed axial stream system support deposition of Mesozoic strata in a piggy-back basin. A 
compressional tectonic setting is proposed for Triassic through earliest Jurassic time in Noyon 
Uul and southern Mongolia. Major contractile deformation of this age has been reported 
from northern China, 100 km south of Noyon Uul.
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Introduction
The southern Mongolia region of central Asia is a poorly understood component of a 
complex Asian tectonic system. Asia has been characterized as a Proterozoic through 
Cenozoic amalgamation of cratons and microcontinents, island arc and subduction 
complexes, and collapsed ocean basins (Figure 1), with a general pattern of successive 
terrane accretion onto the southern Asian continental margin (Zhang et al., 1984, Watson et 
al. 1987, Coleman, 1989, Voznesenskaya, 1989, Sengor et al., 1993). Siberia-Mongolia 
(Mueller et al., 1991) was created as various terranes, including magmatic arcs and 
accretionary complexes, were accreted to this southward-shifting active continental margin. 
Several models have been proposed for the assembly of these various tectonic elements and 
have been summarized by Lamb and Badarch (1998). These models include closure and 
accretion of back-arc basin and arc terranes (Zorin et al., 1993, Doijnamjaa et al., 1992), 
rifting and subsequent closure of a proto-Asian continent (Ruzhentsev & Pospelov, 1992) 
and seaward migration of a single arc through time (Sengor et al., 1996).
During the Paleozoic, the Tarim and Sino-Korean (also known as the North China Block) 
cratons (Figure 1), were centers of terrane accretion along their northern margins (Zhang et 
al., 1984, Watson et al. 1987, Coleman, 1989, Nie et al., 1993), The Tarim craton, itself 
a composite of several terranes amalgamated during the mid-Carboniferous through the 
Late Permian (Zhou, D., 1997), began to collide with the southwestern active margin of 
Siberia-Mongolia sometime during the Late Carboniferous to Early Permian (Coleman, 
1989, Carroll et al., 1995, Yin and Nie, 1996). The timing of the collision of the North 
China Block with the southern and southeastern active margin of Siberia-Mongolia is 
debated with various authors favoring, based on paléontologie, paleomagnetic, igneous 
pétrographie, sedimentologic and structural studies, either a Devonian (Zhang et al., 1984), 
Late Permian (Mueller et al., 1991, Nie et al., 1993) or Triassic (Ruzhentsev & Pospelov,
1992) collision. Although the timing of the final closure of the Paleoasian ocean remains 
uncertain, by Early Jurassic, Lystrosaurus hedini, a possible semiaquatic tetrapod, was 
present in both Siberia-Mongolia and the North China Block (Gubin & Sinitza, 1993) 
suggesting that the two landmasses were joined by that time. Final closure of the 
Paleoasian ocean between Siberia-Mongolia, Tarim and the North China Block resulted in 
the formation of an extensive, though poorly-defined, arcuate suture zone extending from 
northwest to northeast C hina, known as the Junggar-Hegen suture (Figures 1 & 2) (Zhang 
et al., 1984, Davis et al., 1996, Davis et al., 1998). Davis et al. (1996, 1998) have
1
2
suggested closure initiated in the Late Permian and continued, possibly, until Late Jurassic.
After suturing of the Siberia-Mongolia, Tarim and North China landmasses, the active 
margin of the newly amalgamated block shifted to the south and southeastern margin of 
Paleoasia (Zhang et al., 1984, Watson et al. 1987). The subsequent Mesozoic and 
Cenozoic tectonic evolution of central Asia has been one of compressive and tensional 
intraplate deformation and sedimentation (Tapponnier & Molnar, 1979, Zhang et al., 1984, 
Cunningham et al., 1996). Mesozoic and Cenozoic accretionary events along the 
Paleoasian active margin are recorded in the sedimentary record of the Tarim, Junggar and 
Turpan sedimentary basins of western China along the western Junggar-Hegen suture 
(Allen et al., 1991, Hendrix et al., 1992, Carroll et al., 1995). There, early Mesozoic 
sedimentation of the collisional successor basin-type of Graham et al. (1993), was 
interpreted to coincide with the accretion of the Qiantang Block to the new, southern 
Paleoasian active margin in the Late Triassic (Hendrix et al., 1992).
Coarse-grained, apparently synorogenic early Mesozoic strata exposed in southern 
Mongolia are located along tectonic strike from Mesozoic sedimentary basins of western 
China (Figure 1) and may be an eastern expression of this deformational system. 
Alternatively, Early Mesozoic sedimentation in southern Mongolia may be a result of 
wrench tectonics. Strike-slip faulting has been recognized since the Paleozoic throughout 
Eurasia (Sengor et al., 1993). Some strike-slip structures were reactivated as thrust or 
normal faults and some strike-slip faults were reactivated thrusts (Hefu, 1986, Allen & 
Vincent, 1997). Wrench tectonics have been variously attributed to highly oblique 
subduction along the margin of the Eurasian continent (Kosygin & Parfenov, 1981, 
Klimetz, 1983), oblique collision of an impinging continental block or arc system (Watson 
et al., 1987), or transcurrent accommodation of the margins of an indenter continental 
block (Tapponier & Molnar, 1979, Yin & Nie, 1996).
Clearly, collisional and wrench tectonics have been important throughout the tectonic 
evolution of Asia. Wang et al. (1992) have suggested that shear stress deformation has 
occurred in eastern China since Late Triassic. However, the role of wrench tectonics has 
not been well-documented for southern Mongolia and possible synorogenic sedimentary 
strata have not been thoroughly described. Additionally, whereas there is no reported 
evidence for Early Mesozoic strike-slip deformation proximal to the Noyon Uul region, 
such a system may have been overprinted by later faulting, and primary strike-slip related
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sedimentation must be considered. Mid to Late Jurassic contractile deformation is 
supported by recently recognized major, north-verging thrusts in adjacent northern China 
(Zheng et al., 1991 and Zheng et al., 1996), yet it is uncertain whether this contractile 
deformation extended back to Triassic time. Characterization of Early Mesozoic tectonism 
and related sedimentation in such a pivotal area is very important for understanding the 
evolution of Mesozoic Asian tectonics.
Superb exposures of Triassic and Jurassic strata in the Noyon Uul syncline of southern 
Mongolia (Hendrix et al., 1996, Figures 3 & 4) offer a unique opportunity to document 
Early Mesozoic tectonics and related basin evolution of this region. In the summer of 
1997, 4 stratigraphie sections, two each along both the north and south limbs, were 
measured and described. Additionally, sandstone and pebble samples were collected for 
provenance analysis and paleocurrents were measure for paleoflow analysis. This paper 
presents the results of this work, including recognition and interpretation of seven 
lithofacies, establishment of source region and paleodispersal histories and interpretation of 
the Early to Middle Mesozoic tectonic evolution of this region.
Geologic Setting
Noyon Uul syncline (N43° 15’; E l02 00’) is located in the central Gobi Desert, 10 km
north of the town of Noyon in southern Mongolia (Figures 3 & 4). The syncline is 
approximately 45 km long by 10-15 km wide and east-trending. It exposes over 4 km of 
Lower Triassic through possibly Lower Jurassic nonmarine clastic strata. Basement rocks 
in the Noyon Uul region consist of schists, gamet-biotite gneiss, amphibolite and marble 
and Upper Riphean-Lower Cambrian carbonate, quartzite, clastic sedimentary rock and 
intermediate to felsic volcanic cover. These units are overlain by Carboniferous and 
Permian volcaniclastic strata (Doijnamjaa et al., 1992, Ruzhentsev & Pospelov, 1992) 
which are in unconformable or fault contact with overlying Mesozoic units. Just west of 
Noyon Uul, Carboniferous units have been intruded by granite of the upper Paleozoic 
Takhilga-Obo granite massif and granitic dikes cut upper Paleozoic units in the eastern 
portion of the syncline (Yarmolyuk, 1980). Along the margins of the syncline, the lower 
contact between the Triassic and Permian nonmarine sequences is a depositional 
unconformity (Badarch et al., 1997). West of the syncline, Triassic rocks overlie 
Carboniferous volcanic rocks and Permian strata are missing (Anatol’eva, 1974, Yanshin, 
1989). Along the southern limb of the syncline. Upper Permian strata lie in unconformable 
or fault contact with underlying Middle and Upper, and locally. Lower Carboniferous 
rocks (Zaitsev et al., 1973, Yanshin, 1989, Badarch et al., 1997).
Fine-grained strata below the first prominent conglomerate beds of the syncline have been 
dated by paleofloral and paleofaunal techniques (Zaitsev et al., 1973, Gubin & Sinitza,
1993). Zaitsev et al. (1973) have dated these fine-grained units as Early Permian based on 
floral assemblages. The 1989 discovery of a Lower Triassic anomodont, Lystrosaurus 
hedinU however, suggests that these deposits are Triassic and Gubin & Sinitza (1993) 
argue that 300 m of fine-grained strata below the first conglomerate is actually of Early 
Triassic age. Strata above the first conglomerate have been dated using various plant 
assemblages, gastropods, insects and crustacean fossils (Zaitsev et al., 1973, Badamgarav, 
1985, Gubin & Sinitza, 1993). Using floral data, Zaitsev et al. (1973) determined a Middle 
and Late Triassic age and Gubin & Sinitza (1993) suggested a Ladinian-Camian age for 
these strata. Zaitsev et al. (1973) have suggested that strata in the core of the syncline are of 
Early Jurassic age. Permian and Triassic floral assemblages used for age-determination of 
strata at Noyon Uul were reviewed by Hendrix et al. (1996).
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Methods of Study
Field Studies
At the Noyon Uul location, 4 transects were measured in 1997 in conjunction with the 
present study. Two of the sections were measured on the north limb of the syncline, one 
section at Sain Sar Bulag, on the northwest limb, and one section at Goyot Canyon, on the 
northeast limb. A third section was measured on the southern extension of Goyot Canyon 
on the southeast limb. The lower 3800 meters of the southern extension of Sain Sar Bulag 
Canyon, on the south limb of the syncline, was previously measured by a Stanford- 
Mongolia team in 1992 and 1994. The 1997 team measured an additional 880 meters at the 
top of this section, completing the facies characterization for this transect. In 1992, a fifth 
transect was also measured at the far western end of the syncline (Hendrix et al., 1996).
Stratal thickness measurements were made using 25 and 31 meter measuring tapes. Strike 
and dip measurements were made at paleocurrent stations and at spaced intervals along the 
transects and trend and plunge measurements were made of each tape in order to calculate 
correct stratigraphie thicknesses.
Provenance Studies
Pebble samples (n= 102 - 359 pebbles per sample) were collected from 15 stations and 55 
sandstone samples were collected for provenance analysis. Standard thin section slides of 
sandstone samples collected for provenance analysis were stained for both potassium 
feldspar and plagioclase. A total of 500 counts were made on each section. Each thin 
section was point-counted using the Gazzi (1966) - Dickinson (1970) method as described 
by Ingersoll et al. (1984) with crystals larger than 0.0625 mm in lithic grains counted as 
individual monocrystalline grains. Grains were identified and placed in the following 
categories (Table 1, Appendix V): Monocrystalline quartz (Qm), polycrystalline quartz 
(Qp), chert (Ch), potassium feldspar (K), plagioclase (P), lithic volcanic (Lv), lithic 
sedimentary (Ls), lithic metamorphic (Lm), lithic unidentified (Lunid), biotite (Bt), 
muscovite (Ms), chlorite (Ch), heavy minerals (Heav), lithic plutonic (Lp) and granitic- 
rock fragments (Gran) (Appendix V). Specific criteria used to distinguish certain grain 
types are as follows: 1) Grains were identified as metamorphic (Lm) only if schistose 
texture in non-quartz minerals was identified; 2) Identification of lithic volcanic grains was
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determined by the presence of plagioclase laths or potassium feldspar crystals or by the 
presence of interlocking polymineralic crystal grain boundaries within the grains; 3) 
Volcanic chert was distinguished from sedimentary chert by the presence of plagioclase and 
feldspar crystal “ghosts” and a dusty appearance (under uncrossed polars) in the former, as 
opposed to clear (under uncrossed polars), very fine-grained, microcrystalline quartz grains 
in the latter. Additionally, the absence of crystal “ghosts” was used to identify sedimentary 
chert grains; 4) Pseudomatrix was counted as unidentified lithic when identifiable as 
pseudomatrix. Matrix was generally composed of interstitial clay. Several samples, 
primarily lower in the sections, were carbonate-cemented. Quartz overgrowths occurred 
locally and were counted as cement.
Normalized percentages of quartz, feldspar and lithic sandstone grains were determined and 
plotted on Qm-F-Lt (monocrystalline quartz, total feldspar and total lithic volcanic, lithic 
sedimentary, lithic metamorphic and unidentified lithic grains), Qt-F-L (total quartz, 
including chert, total feldspar and total lithic volcanic, lithic sedimentary, lithic 
metamorphic and unidentified lithic grains) ternary plots with petrofacies domains 
representing provenance fields developed by Dickinson (1985). Normalized percentages 
of sandstone grains were also plotted on Qp-Lvm-Lsm (polycrystalline quartz, including 
chert, lithic volcanics, and lithic sedimentary and lithic metamorphic grainds) and Qm-P-K 
(monocrystalline quartz, plagioclase and potassium feldspar) ternary diagrams of Dickinson 
(1985) and Dickinson and Suczek (1979). Detrital modes were calculated from raw data 
(Appendix V) using the methods of Ingersoll et al. (1984).
Pebbles collected for provenance analysis were counted and grouped based on their 
lithologies. The normalized clast percents were then plotted on histograms using seven 
categories of clast composition types. These categories were: Felsic volcanics, intermediate 
volcanics, basic volcanics, vein quartz, sedimentary-metasedimentary clasts, granite- 
granodiorite and undifferentiated clasts. Volcanic chert was not distinguished from 
sedimentary chert and was included in the sedimentary-metasedimentary clast category. 
Felsic volcanics include volcanic porphyry with visible quartz and/or with visible K-spar. 
Granite/granodiorite clasts also include syenite and rare diorite clasts. Clast of unidentified 
affinity were classified as "unknown" but included rare gneiss or mylonite clasts.
7
In addition to the provenance data generated in conjunction with this thesis, sandstone point 
count data for Sain Sar Bulag South, published by Hendrix et al. (1996), is included in the 
sedimentologic and tectonic interpretations for the Noyon Uul region.
Paleocurrent Studies
Paleocurrent indicator measurements were made on clast imbrications, ripple cross- 
stratification, the axes and troughs of trough cross-stratification, the foresets of planar 
cross-strata, translatent surfaces of sandstone interbeds, aligned wood fragments, parting 
lineations, grooves, scours, and slump axes in soft-sediment-deformed beds.
Paleocurrent measurements were grouped under Unidirectional, Bidirectional or Trough 
Limb Axes categories and plotted on rose diagrams. Trough Limb Axes rose plots record 
the paleoflow direction indicated by the measured limb. Additionally, a square has been 
added to the perimeter of the plot representing the average trough axis azimuth direction. 
This value was calculated using the "biplanar method ' of trough axes averaging developed 
by DeCelles et al. (1983). A fourth category of paleocurrent rose diagram (Total 
Paleocurrents) sums all of the measurements made at each station. Bidirectional 
measurements were replotted as unidirectional measurements by choosing a principal 
paleoflow direction based on the prevailing direction indicated by unidirectional and trough 
limb axes measurements at that station or as indicated by the paleocurrent trend for that part 
of the stratigraphie section. Trough limb axes and average trough azimuth direction 
measurements were also included in Total Paleocurrent rose diagrams.
Additionally, results of evaluation of paleocurrent data collected at Sain Sar Bulag South by 
the 1994 team are also included in this study. No new paleocurrent data was collected at 
this location by the 1997 team.
Lithofacies
The following descriptions of lithofacies at Noyon Uul uses terminology proposed by Miall 
(1977» 1985) for coarse-grained fluvial systems.
Seven lithofacies, including conglomerate, convoluted and rippled sandstone, gray siltstone 
and sandstone, laminated shale, red shale and sandstone, unlaminated shale, and 
unlaminated shale and sandstone lithofacies are presented below in order to classify the 
strata examined at Noyon Uul. These lithofacies categories are further subdivided into 
facies descriptions based on the variation in grain size, texture, grading, sedimentary 
structures and outcrop-scale geometries of the strata.
Conglomerate lithofacies (C)
Conglomerate lithofacies: This lithofacies includes massive to trough cross-stratified to 
planar cross-stratified, clast-supported gravels and planar cross-stratified sandstone with 
sandstone and shale interbeds. This lithofacies dominates the lower part of the section at all
locations.
Massive- or crudely-bedded gravel facies (Gm): This facies includes both massive- and 
crudely-stratified, clast-supported gravels. Matrix-supported conglomerate was not 
observed. Bed thicknesses range from 1 to 25 m, but are commonly less than 10 m. 
Interstratified dm-scale lenses of massive (Sc), horizontally-laminated (Sh) or trough cross­
bedded sandstone (St) are common (Figure 5, Appendix II, GCN 400 to 450 m). Pebble- 
to-cobble imbrication (Figure 6, Appendix I, SSBN 600 to 640 m) is common, though it is 
more prevalent near the base of a bed, which is typically scoured. Local, thin cm-scale 
siltstone layers are present. Crude stratification is locally defined by pebble stringers 
(Appendix II, GCN 785 to 800 m). The Gm facies also occurs as dm to m scale lenses in 
massive, trough cross-bedded and horizontally-laminated sandstone intervals within the 
conglomerate facies (Figure 7, Appendix I, SSBN 255 to 290 m).
Trough cross-bedded gravel facies (Gt): These gravels are stratified with distinctive, 
commonly broad troughs above a sharp base (Appendix II, GCN 770 m). The beds are 
predominantly 1 to 7 m thick with relief on troughs of 1 to 3 m. These troughs are 
commonly mantled by pebbles and beds locally fine upward to medium or coarse
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sandstone. Wood fragments and imbrication are present locally. There are a few upward- 
coarsening sequences from pebble to cobble conglomerate in m-scale lenticular interbeds.
Planar cross-bedded gravel facies ( Gp): These gravels are well-stratified with planar, 
tabular foresets locally defined by sandstone drapes (Figure 8, Appendix III, GCS 2295 m 
and Figure 9, Appendix II, GCN 610 to 650 m). The relief on gravel foresets ranges 
between 1 and 15 m (Appendix III, GCS 1875 m) and the sets are predominantly 
composed of cobble-sized clasts that are commonly 15-20 cm, but can be up to 70 cm. 
These gravels are sometimes found interbedded with dm to m thick, pinch-and-swell, 
pebbly sandstone beds or with massive conglomerate units.
Planar cross-bedded sandstone facies (Sp): Planar cross-bedded sandstone foresets have 
relief varying from dm to tens of m, but are commonly 2-3 m, and are interbedded with 
conglomerate units (Figure 10, Appendix III, GCS 1170 to 1180 m). Local, low-angle, 
planar cross-bedded sandstone occurs in lenses capped by horizontally-bedded sandstone 
(Sh) in fine-grained intervals within the conglomerate lithofacies.
Convoluted and rippled sandstone lithofacies (CRS)
Convoluted and rippled sandstone lithofacies: In this lithofacies trough cross-bedded, 
massive and horizontally-bedded sandstone lenses (Figure 11, Appendix I, SSBN 2970 m) 
with soft-sediment deformation, locally of large amplitude (Figure 12, Appendix III, GCS 
3075 m), and ripples are interbedded with gray and green shale and gray siltstone.
Variation between the northern and southern transects is represented by a dominance of 
siltstone and soft-sediment deformed sandstone in the southern limb, with asymmetrically 
rippled sandstone and shale dominant on the northern limb.
Convoluted sandstone facies (Sc): Soft-sediment deformation and load structures are 
common in massive, trough cross-bedded or horizontally-bedded sandstone beds and 
lenses high in the stratigraphie sections (Figure 13, Appendix I, SSBN 3285 m). Local 
wood fragments, shale rip-up clasts and ripples are associated with these units.
Convoluted sandstone is interbedded with gray, green and black unlaminated to locally- 
laminated shale.
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Rippled, horizontally-bedded sandstone facies (Sr): Asymmetric and 3D ripples are 
generally found capping lenticular, horizontally-bedded sandstone (Appendix II, GCN 
2425 to 2450 m). Soft sediment deformation occurs locally. Local wave ripples are found 
capping interbedded fine-grained sandstone lenses in siltstone layers or in silicified siltstone 
beds. Locally, trough cross-bedded sandstone grades up from broad troughs to 
horizontally-bedded sandstone and is capped with rippled, fine-grained sandstone and 
siltstone in upward-thinning sequences.
Gray siltstone and sandstone lithofacies (GSS)
Gray Siltstone and Sandstone lithofacies: This lithofacies is dominated by gray siltstone 
with trough cross-bedded (Figure 14, Appendix III, GCS 2060 m), massive and 
horizontally-bedded sandstone lenses and interbeds (Appendix III, GCS 2025 to 2045 and 
2060 to 2100 m) and is common on the south side of the syncline. Gravel (Gp) and planar 
cross-bedded sandstone (Sp), meters to tens of meters thick, occur locally. Soft-sediment 
deformation is common in the 2110 to 2150 m section of the gray siltstone and sandstone 
lithofacies at Goyot Canyon South (Appendix III).
Gray siltstone facies (Fg): This facies is predominantly made up of gray siltstone. Minor 
red siltstone, gray shale and gray, silty shale is found locally. Local white-weathering, 
laminated, silicified siltstone with 3D ripples is also present (Appendix III, GCS 1590 m). 
Carbonate concretions are common and range from 15 cm to 1 m in diameter. Mottling, 
burrows and parting lineations occur locally (Appendix III, GCS 2070 m). Dm to m scale 
beds and lenticular, on a scale of tens or 100s of meters, fine to medium-grained massive 
(Sm) and trough cross-bedded sandstones (St) are common. Decimeter to m scale 
conglomerate lenses occur locally.
Massive sandstone facies(Sm): These sandstones are massive except for amalgamation 
surfaces which are locally defined by mud partings. The dm scale beds have lenticular to 
tabular to pinch-and-swell geometries that are laterally discontinuous over tens to hundreds 
of m (Appendix III, GCS 1555 to 1600 m). Ripples occur locally.
Trough cross-bedded sandstone facies (St): Trough cross-bedded sandstone commonly 
occurs as m-scale beds with plant and wood fragments (Appendix III, GCS 1695 to 1705 
m). Thicker beds of 5 to 15 m occur locally with plant fragments and m-scale
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conglomerate lenses (Appendix III, GCS 2020 m). Trough cross-bedded sandstone also is 
locally interbedded on a dm to m scale with horizontally-bedded sandstone (Sh) in m to 5 m 
thick beds or in fining-upward sequences with a pebble or siltstone clast base and a 
horizontally-bedded sandstone (Sh) cap. Locally, this unit makes up m thick interbeds 
with planar cross-bedded conglomerate (Gp).
Horizontally-bedded sandstone (Sh): Horizontally-bedded sandstone occurs as m-scale 
interbeds with trough-cross bedded sandstone (St) and as caps on upward-fining 
sequences.
Laminated shale lithofacies (LS)
Laminated shale lithofacies (FI): This lithofacies is composed of dark, laminated to poorly- 
laminated shale (Figure 15, Appendix III, GCS 2850 m), shown by Hendrix and others 
(1996) to be organic-rich. This shale is a distinctive orange to tan-weathering, generally 
black to brown, well-laminated, organic-rich unit. It is present in all locations, varying in 
thickness from 70 m (SSBN) to -  200m (SSBS), and and serves as the principal 
correlation unit for the four sections. Common associated carbonate beds are cm to dm 
thick, tan to orange, silty and are widely laminated to poorly laminated (Figure 16, 
Appendix II, GCN 2195 m). Locally, interbedded, laminated shales have a sharp base, 
grading up to fine sandstone. Orange, dolomitic carbonate concretions, gray siltstone, 
intraclast horizons and cm-scale soft-sediment deformation occur locally (Figure 17, 
Appendix III, GCS 2865 m).
Red shale and sandstone lithofacies (RSS)
Red shale and sandstone lithofacies: This facies is dominated by red shale (Figure 18, 
Appendix I, SSBN 1870 to 1900 m) with interstratified siltstone and sandstone and local 
conglomerate lenses or beds and cm- to dm-scale coal horizons. It is most common on the 
north side of the syncline. This lithofacies is finer-grained at the Goyot Canyon North 
location, with extensive (100 m) red shale or red and gray shale intervals.
Red shale facies (Fr): The shale of this lithofacies is predominantly red, brick red, maroon 
and dark maroon (Figure 19, Appendix III, GCS 3665 to 3680 m), although it is locally 
purple, gray, green and brown. The red and maroon shales are commonly associated with
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red sandstone and siltstone and dm-scale caliche horizons and nodules (Figure 20, 
Appendix I, SSBN 1800 m). Silicified shale horizons also occur locally. Dark gray shale 
is associated with cm to dm coaly shale horizons. Extensive sequences (lOO’s of m) of red 
shale occur at the Goyot Canyon North location. Sandstone and conglomerate make up 
only 18% of the section in ihtred shale and sandstone lithofacies at the Goyot Canyon 
North compared to 33% sandstone and conglomerate at the Sain Sar Bulag North locale.
Massive sandstone facies (Sm): Local dm-m scale lenses are present lower in the 
occurrence of this lithofacies in the sections (Figure 21, Appendix I, SSBN 1950 to 1970 
m).
Trough cross-bedded sandstone facies (St): Thin, dm-m thick lenses of trough cross­
bedded sandstone are common in this lithofacies. Thick beds from 15 to 40 m with 
pebbles, pebble stringers, wood fragments and local conglomerate lenses are also common 
(Appendix I, SSBN 1975 to 2000 m). Pebbly sandstone lenses are 1-3 m thick with 
upward-fining sequences. Trough cross-bedded sandstone also occurs interstratified with 
horizontally -bedded sandstone (Sh) in 5-7 m beds with local conglomerate lenses or beds 
and basal pebble lags, shale rip ups or mud chips breccias.
Horizontally-bedded sandstone facies (Sh): Pebbly, 1-3 m thick horizontally-bedded 
sandstone lenses occur locally within this lithofacies (Appendix I, SSBN 1835 m, 1955 
m). Horizontally-bedded sandstone interstratified with trough cross-bedded sandstone 
contain local ripples and soft-sediment deformation near the top of this lithofacies.
Unlaminated shale lithofacies (US)
Unlaminated shale lithofacies: This lithofacies is dominated by extensive intervals (100 m) 
of gray to green, unlaminated shale. Siltstone, sandstone and conglomerate are rare or 
absent.
Unlaminated shale and sandstone lithofacies (USS)
Unlaminated shale and sandstone lithofacies: This lithofacies is described separately from 
the unlaminated shale lithofacies due to the occurrence of local to common trough cross­
bedded and horizontally-bedded sandstone lenses interstratified with otherwise dominantly
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gray to green, unlaminated shale. The unlaminated shale and sandstone lithofacies is 
generally gradational with the unlaminated shale and convoluted and rippled sandstone 
lithofacies. It exhibits an increase in shale from 80% to 100% shale as it grades into the 
unlaminated shale lithofacies . As the unlaminated shale and sandstone lithofacies grades 
into the convoluted and rippled sandstone facies, the amount of soft-sediment deformed 
and rippled sandstone gradually increases until these beds make up about 50 % of the 
section.
Unlaminated shale facies (Fu): This lithofacies is dominated by massive gray and green 
shale with local, dm-scale massive, trough cross-bedded and horizontally-bedded 
sandstone beds. Massive, brown limestone beds, commonly with mollusc coquinas cm to 
dm thick (Figure 22, Appendix I, SSBN 3470 m) are associated with this lithofacies.
Massive sandstone facies (Sm): Meter thick massive sandstone beds are common in this 
lithofacies. Extensive intervals (100 m) of interbedded sandstone and gray to green shale 
dominate this lithofacies at the Sain Sar Bulag North section, and the ratio of sandstone to 
shale is 1:1 (Appendix I, SSBN 3200 to 3250 m). At other localities, dm-scale massive 
sandstone beds are common in upward-coarsening and -thickening sequences interbedded 
with massive gray and green shale (Appendix III, GCS 2985 to 3000 m).
Trough cross-bedded sandstone facies (St): Trough cross-bedded sandstone ranges in 
thickness from dm to 5 m, but dm-scale beds and lenses are most common (Appendix II, 
GCN 3150 m). These dm thick beds occur in association with isolated horizontally-bedded 
sandstone beds in green to gray shale and have pinch-and-swell geometries locally.
Horizontally-bedded sandstone facies (Sh): Horizontally-bedded sandstone beds and 
lenses range from dm to m thick (Appendix III, GCS 3100 to 3145 m) and have local 
pinch-and-swell geometries. They are found in association with similar trough cross­
bedded sandstones as isolated beds within green to gray shale.
Sedimentology, Stratigraphy and Paleocurrent Indications
This section addresses observations on the sedimentology, stratigraphy and paleocurrent 
indicator measurement directions made along each of the Noyon Uul transects. This 
discussion is keyed to Figure 23 which presents condensed representations of the measured 
stratigraphie sections along with lithofacies determinations and summarized paleocurrent 
indicator directions. (Meter-scale representations of the measured stratigraphie sections can 
be found in Appendices I - IV.)
Sain Sar Bulag North 
Sedimentology and Stratigraphy
A 3560 meter thick section of Lower Triassic through Lower Jurassic non-marine 
siliciclastic strata was measured on the northeast limb of Noyon Uul syncline at the Sain 
Sar Bulag North (SSBN) site (Figure 4). This location is the northern counterpart to the 
Sain Sar Bulag South section measured by the 1992 reconnaissance team. Working from
the base of the section southward, strata dip increases from 43 °S to 82°S at the center of
the syncline. Correlation of aerial photos with the measured section at Sain Sar Bulag 
South of 1992 (Hendrix et al., 1996), suggests the basal 90 m of the section is Lower 
Triassic strata (Figure 4). The upper limit of the section (Lower Jurassic?) is determined 
by the last, well-exposed shale and sandstone in the core of the syncline.
The basal Lower Triassic strata of this section includes 60 m of red siltstone and local, m- 
scale, fine to medium-grained sandstone with concretions and local, m-thick conglomerate 
beds of the red shale and sandstone lithofacies. Above this silty unit is 30 m of poorly 
exposed fine to medium-grained sandstone which, based on airphoto correlation with Sain 
Sar Bulag South (Figure 4), contains the contact between the Lower and Middle Triassic. 
From 90 to 1410 m, the section is dominated by the conglomerate lithofacies. The gray 
siltstone and sandstone, laminated shale and unlaminated shale and sandstone lithofacies are 
present as interbeds with conglomerate or as less extensive fine-grained intervals between 
predominantly coarse-grained depositional sequences.
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Conglomerate deposition can be broadly grouped into three sequences. The lowermost 
sequence is found from 90 to 350 m and defines an overall upward-fining interval from 
massive pebble conglomerates and tabular cross strata pebble conglomerate to coarse­
grained, trough cross-bedded and planar cross-bedded sandstone to siltstone (Figure 7). The 
next conglomerate interval is from 445 to 955 m and includes massive cobble and planar 
cross-bedded conglomerate with significant imbrication (Figure 6). The upper conglomerate 
interval, from 1120 to 1410 m, displays upward-fining from massive cobble conglomerate to 
pebble conglomerate to sandstone. Planar cross-bedded strata are absent in this interval.
Distinctive redbeds of the red shale and sandstone lithofacies constitute the section from 1410 
to 2200 m. Initial fine-grained deposition of red shale (145 m) is overlain by coarser-grained 
deposition of interbedded siltstone, sandstone, local conglomerate lenses and red shale 
throughout the rest of this lithofacies interval (Figure 18). Coarse-grained units are 
predominantly composed of lenticular sandstone and conglomerate with pebbles, wood 
fragments and pebble and rip-up clast basal lags (1975 to 20(X) m). Fine to medium-grained 
sandstone occurs as thin (dm) beds isolated in shale sequences. Local caliche horizons 
(Figure 20) and concretions are present throughout the sequence and several coaly shale 
layers occur near the top of this interval.
Gray and green shale with thin (dm) sandstone interbeds of the unlaminated shale and 
sandstone lithofacies constitute the section from 2200 to 2570 m. Several upward-fining 
sequences and interbedded, trough cross-bedded and horizontally-bedded, medium to coarse­
grained sandstone units are present locally. Green shale of the unlaminated shale lithofacies is 
present from 2570 to 2675 m. There is no coarse-grained deposition in this interval. This is 
overlain by dark gray shale and local carbonate beds of the laminated shale lithofacies. This 
unit is approximately 150 m-thick, with the upper contact at 2825 m. Soft-sediment 
deformation occurs near the bottom of this section.
The top of the section is dominated by the convoluted and rippled sandstone and unlaminated 
shale and sandstone lithofacies. Because the contact between these lithofacies is gradational, 
observations will be discussed together. Thin (dm), rippled, horizontally-bedded, fine to 
medium-grained sandstone lenses dominate the convoluted and rippled sandstone lithofacies 
at this location, with local ripples in m-scale interbeds of trough cross-bedded and 
horizontally-bedded, medium-grained sandstone. Soft-sediment deformation occurs locally 
in these thicker beds (Figure 13). Sandstone of the unlaminated shale and sandstone
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lithofacies is dominated by dm to m-thick massive, trough cross-bedded and horizontally- 
bedded sandstone units (3200 to 3250 m). The sandstone to shale ratio in these intervals, 
approaches 1:1. Associated with both of these lithofacies are dm to m-thick carbonate beds, 
with bivalve coquinas common (Figure 22).
Paleocurrent Indicator Measurements
A cumulative total of 465 paleocurrent measurements were made at 16 stations along the Sain 
Sar Bulag North transect (Figure 24). Measurements in the conglomerate lithofacies portion 
of the section were made on foresets, trough axes and limbs, imbricated pebbles and aligned 
wood fragments. Foresets, trough limbs, parting lineations, scours and ripples were the 
principal paleocurrent indicators measured in the red shale and sandstone and unlaminated 
shale and sandstone lithofacies of the section. The convoluted and rippled sandstone 
lithofacies section measurements were made on parting lineations, wood fragments and 
ripples.
Measurements for the lower 400 m of the section (ssbn pci. Figure 24) indicate a southerly 
to southwesterly flow. Through the next 300 m (ssbn pc2 -ssbn pc4, Figure 24), paleoflow 
alternates between westerly and north-northwesterly flow. Above 700 m (ssbn pc5 - ssbn 
p c i6, Figure 24), paleoflow switches to a northerly flow and remains so throughout the rest 
of the section, with very minor west-southwest to west-northwest variation. Overall, 
paleoflow indicator measurements record a rotation of flow from south to west to north, all 
within the conglomeratic depositional phase of Mesozoic strata and with all subsequent 
deposition recording a northerly flow (Figure 23). A summing of all Lower Triassic through 
Upper Jurassic paleocurrent indicator measurements records predominantly west to west- 
southwest and north-northwest paleoflow directions (Figure 25).
Goyot Canyon North 
Sedimentology and Stratigraphy
A 2845 meter thick section of Lower Triassic through Lower Jurassic non-marine siliciclastic 
strata was measured on the northwest limb of Noyon Uul syncline at the Goyot Canyon 
North (GCN) site (Figure 4). This location is the northern counterpart to the Goyot Canyon 
South section. Stratal dips remain fairly constant along the transect, averaging approximately
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50° S. Low in the section, at about the 500 m mark, dip increases briefly to 70° S but the
returns to a more moderate dip. Correlation of aerial photos with the measured section at 
Sain Sar Bulag North indicates that the Goyot Canyon North strata begin at a level correlative 
with the -  300 m mark at Sain Sar Bulag North (Figure 4). As a result, the unconformable 
contact between the Lower Triassic and Middle Triassic sections is covered at this location. 
Measurements begin in the first exposed conglomerate unit that appears to correlate with 
upper part of the second conglomerate ridge at Sain Sar Bulag North (Figure 4). The upper 
limit of the section (Lower Jurassic?) occurs at the last, well-exposed shale and sandstone in 
the core of the syncline.
The lower portion of this section, from 0 to 960 m, is dominated by the conglomerate 
lithofacies. As at Sain Sar Bulag North, this segment includes finer-grained sandstone, 
siltstone and shale intervals between coarser-grained conglomeratic sequences. These 
conglomerate sequences can be broadly grouped into two intervals, from 0 to 130 m and 
from 300 to 900 m. Massive conglomerate beds occur at the base and near the top of the first 
conglomerate interval. Much of the intervening section is poorly exposed, but appears to 
consist of medium to coarse-grained massive sandstone. The finer grain size of this interval 
appears to correspond to coarse-grained, trough cross-bedded sandstone and planar cross­
bedded strata at Sain Sur Bulag North (300 to 350 m). Airphoto analysis suggests deeper 
stratigraphie levels are exposed west and east of Goyot Canyon North (Figure 4). This 
would indicate that the first conglomerate interval at Goyot Canyon North is the uppermost 
unit in an overall upward-fining sequence, as found in the first conglomerate interval at Sain 
Sar Bulag North (95 m).
The lower and upper conglomerate intervals are separated by a 150 m interval of massive 
sandstone beds with carbonate concretions and shales of the unlaminated shale and sandstone 
lithofacies. The upper conglomerate section, from 300 to 960 m, represents an overall 
upward-coarsening sequence, from pebble to cobble conglomerate, followed by an overall 
upward-fining sequence, from cobble conglomerate to pebble conglomerate to medium 
sandstone. Intervals (10 m) of red shale and sandstone and unlaminated shale and sandstone 
lithofacies separate these sequences. Planar cross-beds, with relief on a scale of tens of 
meters, occur in cobble conglomerate units between 600 and 700 m and mark the coarsest 
section in this interval (Figure 9). The upper conglomerate sequence is capped by an interval 
of green shale and dm-thick, massive sandstone lenses of the unlaminated shale and 
sandstone lithofacies. Overall, conglomerate lithofacies deposition is finer-grained than at
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Sain Sar Bulag North, with occurrence of fine-grained sandstone and siltstone interbeds 
more common (785 to 8(X) m).
Distinctive redbeds of the red shale and sandstone lithofacies dominate the section from 960 
to 2000 m. As in the conglomerate lithofacies section at Goyot Canyon North, deposition of 
the red shale and sandstone lithofacies is finer-grained than at Sain Sar Bulag North, with 
shale sequences hundreds of meters thick. From 960 to 1800 m, coarse-grained deposits 
include few, thin (dm thick), massive, trough cross-bedded and horizontally-bedded 
sandstone lenses and m-scale, pebbly, trough cross-bedded sandstone and conglomerate 
beds. Caliche horizons occur locally in red shale and a single coal horizon occurs at 970 m. 
Between 1800 to 2000 m, there is an increase in sandstone with dm to m-thick trough cross­
bedded sandstone lenses and 10 m pebbly, trough cross-bedded sandstone beds with 
common wood fragments.
Above the red shale and sandstone lithofacies section is 140 meters of green shale of the 
unlaminated shale lithofacies. This is followed by dark gray shale and carbonate of the 
laminated shale lithofacies up to 2210 m (Figure 16), in which local soft-sediment 
deformation and carbonate concretions occur.
From 2200-2845 m, the section is dominated by the convoluted and rippled sandstone and 
unlaminated shale and sandstone lithofacies and, as at Sain Sar Bulag North, contact between 
these lithofacies is gradational and observations will be discussed jointly. The convoluted 
and rippled sandstone lithofacies is primarily composed of dm-thick, rippled, horizontally- 
bedded, medium-grained sandstone lenses. Soft-sediment deformation occurs locally in 1 to 
10 m-thick massive and horizontally-bedded, medium and coarse-grained sandstone 
interbeds in shale. Sandstone of the unlaminated shale and sandstone lithofacies occurs as 
dm to 7 m thick, massive, trough cross-bedded and horizontally-bedded, medium-grained 
sandstone beds, with dm beds being more prevalent (2265 to 2480 m).
Paleocurrent Indicator Measurements
A total of 381 paleocurrent indicator measurements at 14 stations (Figure 26) were made 
along the Goyot Canyon North transect. Within the conglomerate lithofacies section, 
indicators on foresets, trough axes and limbs, imbricated pebbles, aligned wood fragments 
and parting lineations were measured. Indicators on foresets, trough axes and limbs,
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aligned wood fragments, ripples, scours and parting lineations were measured in the red 
shale and sandstone and unlaminated shale and sandstone lithofacies sections. In the 
convoluted and rippled sandstone lithofacies section, indicators on ripples, aligned wood 
fragments and parting lineations were measured.
Measurements at paleocurrent stations 1 through 7 (gen pci - gen pc7. Figure 26), for the 
lower 900 meters of the section, indicate a predominantly southern paleoflow history 
(Figure 23). Above this point (gen pc8 - gen pcl4. Figure 26), measurements show that 
paleoflow rotated to the southwest, then generally to the west, then back to a predominantly 
southwest direction throughout the remainder of the section depositional record. A 
summing of all Lower Triassic through Upper Jurassic measurements for the Goyot 
Canyon North section indicates a dominantly south to south-southwest paleoflow pattern 
(Figure 25).
Goyot Canyon South 
Sedimentology and Stratigraphy
A 3690 meter thick section of Lower Triassic through Lower Jurassic non-marine siliciclastic 
strata was measured on the southeast limb of Noyon Uul syncline at the Goyot Canyon 
South (GCS) site (Figure 4). This location is the southern counterpart to the Goyot Canyon 
North section. Stratal dips are relatively consistent throughout the section ranging between
35®S and 58°S. Airphoto correlation of strata between Goyot Canyon South and the
measured section at Sain Sar Bulag South (Hendrix, 1996), indicates that measurements at 
Goyot Canyon South begin at the unconformable contact between the Lower Triassic and 
Middle Triassic sections, marked by the appearance of the first gravelly, trough cross-bedded 
sandstone and conglomerate units (Figure 4). The upper limit of the section (Lower 
Jurassic?) is determined by the last, well-exposed shale and sandstone in the core of the 
syncline.
The lower 1300 m of this section is composed of three prominent conglomerate lithofacies 
depositional sequences with extensive intervening unlaminated shale lithofacies and 
unlaminated shale and sandstone lithofacies intervals. The first conglomerate lithofacies 
sequence occurs from 0 to 150 m and consists predominantly of thick (10 m) pebbly, trough 
cross-stratified beds separated by lenticular massive and trough cross-bedded conglomerate
20
(Figure 8) and planar cross-bedded conglomerate and sandstone (Figure 10). The 
intervening green shale of the unlaminated shale lithofacies is 190 m thick followed by the 
occurrence of the second conglomeratic sequence. Conglomerate strata from 340 to 565 m 
are composed of several upward-coarsening and fining sequences. These conglomerate 
lithofacies units include massive pebble to cobble conglomerate with interbedded, medium to 
coarse-grained massive and pebbly, trough cross-bedded sandstone. Another fine-grained 
interval of green shale of the unlaminated shale lithofacies occurs from 565 to 750 m. It is 
overlain by siltstone and fine to coarse-grained, massive and trough cross-bedded sandstone 
lenses and beds of the convoluted and rippled sandstone lithofacies and local conglomerate 
lenses from 750 to 850 m. Green shale comprises the rest of this finer-grained interval to 
980 m. The third conglomeratic sequence continues to 1300 m and broadly defines two 
upward-fining sequences, each consisting of cobble to pebble, massive conglomerate and 
planar cross-bedded gravel, tens of m thick, to medium-grained, interbedded trough cross­
bedded and horizontally-bedded, fining upward sandstone beds with local, massive 
conglomerate lenses.
Distinctive siltstone of the gray siltstone and sandstone lithofacies dominate the section from 
1300 to 2500 m. Caliche horizons and carbonate concretions are common in the lower part 
of the section. Fine-grained, dm to m-thick, massive sandstone beds and lenses dominate the 
interval from 1300 to 1700 m. There is an overall increase in grain-size for the remainder of 
sequence, including medium-grained, trough cross-bedded and soft-sediment deformed 
sandstone and local, planar cross-bedded conglomerate, tens of m thick, interbedded with 
gray siltstone. Airphoto correlation of strata between the Sain Sar Bulag North, Goyot 
Canyon North and Goyot Canyon South sections (Figures 4 & 23) suggests that this 
lithofacies corresponds to the red shale and sandstone lithofacies found on the northern limb 
of the syncline.
Upward-fining sequences from pebble conglomerate to coarse-grained, pebbly trough cross­
bedded sandstone capped by horizontally-bedded sandstone comprise the unlaminated shale 
and sandstone lithofacies interval from 2500 to 2675 m. Green and gray shale with local, 
dm-thick, trough cross-bedded lenses and rippled, horizontally-bedded sandstone beds make 
up the rest of this sequence. Overlying this section is 165 m of green and gray shale of the 
unlaminated shale lithofacies. The section from 2840 to 2950 m is comprised of dark gray 
shale and carbonate horizons and concretions of the laminated shale lithofacies (Figure 15). 
Soft-sediment deformation occurs locally (Figure 17).
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As at the other localities, depositional sequences of the convoluted and rippled sandstone 
lithofacies and unlaminated shale and sandstone lithofacies grade into each other and 
observations of units of these lithofacies will be discussed together. However, the Goyot 
Canyon South section differs in that these sequences are broken by an extensive interval of 
gray shale of the unlaminated shale lithofacies from 3280 to 3685 m. Local upward- 
coarsening and -thickening, dm-scale, massive sandstone lenses occur low in this section and 
grade into dm to m-thick, massive, trough cross-bedded and horizontally-bedded interbeds 
with local soft-sediment-deformation. Rippled, dm-thick, horizontally-bedded sandstone 
lenses dominate the interval from 3050 to 3150 m, and the sandstone to shale ratio is -  1:1. 
Local, meters thick, soft-sediment deformed sandstone beds also occur. Thin, dm thick, 
trough cross-bedded sandstone lenses dominate the next 100 m section, with local, meters 
thick, massive, trough cross-bedded and horizontally-bedded sandstone units (Figure 12). 
These are overlain by 300 m of gray shale. The section is capped by of 90 m red shale and 
local, massive and trough cross-bedded sandstone lenses and beds of the red shale and 
sandstone lithofacies.
Paleocurrent Indicator Measurements
A total of 479 paleocurrent indicator measurements at 24 stations were made along the 
Goyot Canyon South transect (Figure 27). Measurements in the conglomerate lithofacies 
portion of the section were made on foresets, trough axes and limbs, and imbricated 
pebbles. Foresets, trough axes and limbs, parting lineations, translatent surfaces, grooves, 
scours and aligned wood fragments were the principal paleocurrent indicators measured in 
the gray siltstone and sandstone and unlaminated shale and sandstone lithofacies of the 
section. The convoluted and rippled sandstone lithofacies section measurements were 
made on parting lineations, trough axes and limbs, slump axes and aligned wood 
fragments.
Measurements made on the lower 300 m (gcs pci- gcs pc5. Figure 27) at Goyot Canyon 
South, record somewhat variable paleoflow directions, though generally indicating flow to 
the south. Above 300 m (gcs pc6 - gcs p c i9, Figure 27), paleoflow rotates towards the 
north-northwest. With the exception of a few excursions towards southwest paleoflow in 
conglomerate sections around 1000 m (gcs pci 1, n = 4, Figure 27) and 1300 m (gcs pc i2, 
Figure 27), flow directions remain north-northwest until near the top of the section. Above
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2600 m (gcs pc20 - gcs pc24. Figure 27), measurements record an increasingly important 
component of westerly flow. A summing of all paleocurrent indicator measurements for 
Lower Triassic through Upper Jurassic strata of the Goyot Canyon South transect shows a 
predominant north-northwest paleoflow direction (Figure 25).
Sain Sar Bulag South
Observations on the lower 3300 m of this section have been drawn from the work of 
Hendrix et al. (1996). Facies interpretations from this study have been placed in the 
context of the lithofacies descriptions presented above. Observations on the upper 900 m 
of the section are based on the work of the 1997 team.
Sedimentology, Stratigraphy and Paleocurrent Indications
7992 Transect (Hendrix et ah, 1996)
An approximately 3300 meter thick section of Lower Triassic through Lower Jurassic (?) 
nonmarine siliciclastic strata was studied by the 1992 reconnaissance team at Sain Sar 
Bulag South (SSBS), on the southwest limb of Noyon Uul syncline (Figure 4). Stratal 
dips at the base of the section are overturned to the south, with the remainder of the section 
dipping steeply to the north. Hendrix et al. (1996) placed the unconformable contact 
between Lower Triassic and Middle Triassic strata at approximately 350 m above the base, 
as suggested by previous paléontologie work at this location (Gubin & Sinitza, 1993). The 
upper limit of this section is marked by the highest occurrence of dark gray shale of the 
laminated shale lithofacies at approximately 3300 m.
The lowermost 350 m of this section is composed of red shale and sandstone of the red 
shale and sandstone lithofacies. Between 400 and 2300 m, Hendrix et al. (1996) identified 
four conglomerate sections of the conglomerate lithofacies, ranging in thickness from 200 - 
450 m. Meters-thick planar-bedded conglomerate, locally with >10 m foreset relief, are 
associated with the thickest sections of this lithofacies. Conglomerate lenses and beds are 
interbedded with sandstone, siltstone and local shale near the top and base of each 
sequence. Sandstone is locally trough and horizontally-bedded, and commonly pebbly. 
Intraclasts and wood fragments are common. Several upward-coarsening sequences, from 
shale to conglomerate, were recognized. Fine-grained intervals of the gray siltstone and
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sandstone, unlaminated shale and sandstone and unlaminated shale lithofacies separate the 
conglomerate units and are commonly about 100 m thick.
From approximately 2300 to 2900 m, the section is comprised of lenticular sandstone and 
siltstone, commonly containing carbonate horizons and calcareous concretions, of the gray 
siltstone and sandstone lithofacies with local conglomerate units and coaly shale. Upward- 
fining sequences of trough cross-bedded to horizontally-bedded sandstone to fine-grained 
sandstone or siltstone containing calcareous concretions are common. Locally, thin (cm- 
scale) sandstone beds contain asymmetric ripples or horizontal bedding.
Dark gray and black shale and dark siltstone of the laminated shale lithofacies occur from 
approximately 3100 to 3320 m. These units are locally soft-sediment deformed and 
calcareous concretions are common. Several siltstone interbeds are present near the top of 
the unit. Presence of silty shale and siltstone beds indicate that the deposits of the 
laminated shale lithofacies at Sain Sar Bulag South are overall coarser-grained than units at 
any of the other Noyon Uul localities.
1997 Transect
A 895 meter thick section of Lower Jurassic (?) nonmarine siliciclastic strata was measured 
at Sain Sar Bulag South by the 1997 reconnaissance team (Figure 4), beginning at the 
uppermost exposure of shale of the laminated shale lithofacies. Initial strata dip is steeply to
the north (75 - 80"̂ ) and gradually decreases to 58°N at the top of the section. The upper
limit of this section is marked by the last, well-exposed shale and sandstone in the core of 
the syncline.
As at the other locations, the upper part of the section, from 3835 to 4200 m (Appendix IV, 
530 to 895 m), is comprised of sandstone and shale of the convoluted and rippled 
sandstone and unlaminated shale and sandstone lithofacies, which grade into each other. 
There is a pronounced 485 m interval of the unlaminated shale and sandstone lithofacies 
low in this section, from 3350 to 3835 m (Appendix IV, 45 to 530 m), with no soft- 
sediment deformation or ripples observed. Thick (tens of m), massive to trough cross­
bedded sandstone beds with local shale interbeds are common. Upward-coarsening 
sequences in medium to coarse-grained, massive to trough cross-bedded sandstone occur 
from 3360 to 3370 m (Appendix IV, 55 to 65 m). Massive and horizontally-bedded, dm to
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m-thick sandstone interbeds with shale dominate the lower half of this section. The upper 
portion of the unlaminated shale and sandstone lithofacies section has few, thin sandstone 
interbeds.
Units of the convoluted and rippled sandstone lithofacies occur throughout the uppermost 
365 m. Local ripples occur in dm to m-thick, massive sandstone beds. Soft-sediment 
deformation is present throughout the section, commonly associated with horizontally- 
bedded sandstone locally containing plant fragments. Interbedded trough cross-bedded and 
horizontally-bedded sandstone occurs locally and m-thick conglomerate beds occur from 
3305 to 3350 m (Appendix IV, 0 to 45 m).
Paleocurrent Indicator Measurements
Paleocurrent information for Sain Sar Bulag South is taken from Hendrix et al. (1996). 
Paleocurrent indicator measurements were made on trough axes and limbs, foresets, 
imbricated pebbles, flute casts and various tool marks. Paleocurrent directions used in 
Figure 23 are approximate and represent a visual averaging of paleoflow direction.
Sununed paleocurrent measurements for Lower Triassic through Upper Jurassic strata of 
Sain Sar Bulag South, used in Figure 25, is from Hendrix et al. (1996).
Measurements made throughout the section record a generally west to southwest paleoflow 
direction (Figure 23), as supported by summed paleocurrent measurements for this section 
(Figure 25).
Lithofacies Interpretation
Conglomerate Lithofacies - Braided Stream System
Sedimentary structures in conglomerate and sandstone of the conglomerate lithofacies are 
interpreted to have been deposited in a braided stream environment (Figure 28a). Trough- 
cross bedded gravel (Gt) and sandstone (St) represent bed-load channel-fill complexes 
(Miall, 1985). Planar cross-bedded (Gp), and crudely-bedded gravels (Gm) are interpreted 
to be longitudinal barforms (Miall, 1985). McPherson et al. (1987) noted the common 
association of Gm with Gt, Gp, St and Sp in braided stream systems. Large-scale, up to 
15 m relief, planar-bedded conglomerate dipping steeply in the direction of transport
25
suggests deposition in a Gilbert-delta (Boorsma, 1992). However, at Noyon Uul, 
bottomsets are not present, upper contacts are gradational and foresets form at a high angle 
to their base. Colella (1988) observed that these geometries were common near the 
landward side of foreset units of marine Gilbert-type deltas, with the sequences becoming 
more complete basinward. It is possible that the large foresets at Noyon Uul represent 
Gilbert-type delta sets developed along a lake shore as a result of reduction of braided 
stream competency as streams entered the lake. Alternatively, these may be large slip faces 
of longitudinal or transverse bars in a braided stream system.
Gray siltstone and sandstone lithofacies - Meandering stream system
Upward-fining lenticular sandstone with Sh caps are interpreted to be channel-fill deposits 
of a meandering stream system (Figure 28b & 28c). Low-angle dips on horizontally- 
bedded sandstone represent accretionary surfaces on point bars (Miall, 1985). Laminated 
siltstone and silty, fine sandstone with ripples and dm-scale tabular to pinch-and-swell 
massive sandstone with ripples, parting lineations and burrows are interpreted to be 
crevasse splay deposits (Ridgway & DeCelles, 1993 and Miall, 1985). Carbonate 
concretions and nodules present in mottled gray siltstone and shale, interpreted to be 
floodplain deposits, are consistent with Stage 2 soil development of Mack et al. (1993).
Red shale and sandstone lithofacies - Alluvial plain system
Red shale, common on the north side of Noyon Uul, is interpreted to be interfluve deposits 
in an alluvial plain system comparable to the depositional environment of the Upper 
Cretaceous North Horn Formation of central and eastern Utah (Olsen et al., 1995) (Figure 
28b). Local conglomerate, trough-cross bedded and horizontally bedded sandstone 
represents alluvial channels or periodic flood deposits. Caliche horizons and carbonate 
concretions are better developed than in the gray siltstone and sandstone lithofacies and are 
consistent with stage 3 soil development of Mack et al. (1993) suggesting a well-drained 
alluvial plain. Local coaly shale suggest local water ponding or periods of a higher water 
table (Wise et al., 1991).
Convoluted and rippled sandstone lithofacies - Delta front and delta distributary system
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Soft-sediment deformed massive, trough cross-bedded and planar cross-bedded sandstone 
with wood fragments and ripples is interpreted to be prograding delta lobe deposits of a 
delta front/delta distributary system (Figure 28c). Ridgway et al. (1997) have described 
such deposits as part of the late Campanian to early Maastrichtian age Cantwell Formation 
in south-central Alaska, a lacustrine facies within a piggyback basin depositional sequence. 
Planar-bedded sandstone with wave ripples and mollusc shells likely represents reworked 
foreshore and uppershore deposits in a delta front succession of a braid delta complex as 
described by Soegaard (1990) for the Pennsylvanian Sandia Formation in New Mexico.
Unlaminated shale and sandstone lithofacies - Prodelta system
Interlayered, horizontally-bedded sandstone and shale represent offshore deposition in a 
lacustrine prodelta system (Figure 28e). Sandstone is interpreted to result from episodic 
emplacement of deposits, either due to offshore storm deposition or settle-out from fluvial 
plumes (Ridgway et al., 1997). The absence of ripples in these deposits suggests 
deposition was below wave-base (Soegaard, 1990).
Unlaminated shale - Open, oxic lacustrine system
Gray shale of this lithofacies is interpreted to be settle-out deposition in an open, oxic lake, 
similar Eocene Green River Formation deposition in the east central Utah (Ryder et al.,
1976 and Smith, 1984) (Figure 28e). Sandstone is rare or absent, suggesting central lake 
deposition.
Laminated shale - Deep, anoxic lacustrine system
Dark gray to black, organic-rich, laminated shale of this lithofacies represents settle-out 
deposition in a deep, anoxic lacustrine system (Ryder et al., 1976 and Smith, 1984)
(Figure 28d).
Provenance
Sandstone Provenance
As a whole, sandstone from Noyon Uul is lithic-rich and dominated by volcanic rock 
fragments (Qm^gF^^Lt^  ̂and QpgLvmg^Lsm^) (Table 1, Figure 29a, 29c). Provenance data 
indicate that the source terrane for Noyon Uul sandstones was largely volcanic. Ternary 
plots suggest that these sources were arc-related. Graham et al. (1993) have shown that the 
high volcaniclastic content of Mesozoic central Asian basin sandstone result from uplift and 
erosion of relict arc assemblages, not from active arc volcanism. Regional, Paleozoic 
volcanic strata are the proposed source of Noyon Uul volcanic clasts, suggesting that 
Mesozoic strata at Noyon Uul also result from uplift and erosion of a relict arc assemblage.
All sandstone samples analyzed from Noyon Uul plot primarily within the Arc and Recycled 
Orogen fields of the Qm-F-Lt and Qt-F-L ternary plots of Dickinson (1985) (Figures 30a, 
30b, 31a, 31b, 32a, 32b, 33a, 33b). Average sandstone compositions are QmjçFjsLtj^ 
(SSBN), Qm^gF^^Ltgg (GCN), Qm^gF^^Lt^g (GCS), Qm^iF^^Lt^  ̂ (SSBS, Hendrix et al., 
1996) and Qt^.F^gL,^ (SSBN), Qt^^F^.L,, (GCN), Qt^.F^^L,, (GCS), Qt^gF^^L,, (SSBS, 
Hendrix et al., 1996) (Table 1). Of the 25 samples from Sain Sar Bulag North and the 12 
samples from Goyot Canyon North, those that plot within the Transitional or Lithic Recycled 
Orogen fields are taken from the lower part of the sections (0 - 900 m SSBN, 0 - 400 GCN) 
(Figures 30a, 30b, 31a, 31b, Table 1). The two lowermost samples at Sain Sar Bulag North 
are taken from red shale and sandstone facies strata underlying the basal conglomerate, and 
plot within the Lithic Recycled Orogen field, close to the L and Lt pole. These sandstones 
are dominated by plagioclase and K-spar clasts are rare or absent. The 18 sandstone samples 
from Goyot Canyon South and 2 samples from Sain Sar Bulag South, along with 30 samples 
collected at Sain Sar Bulag South by the 1994 team (Table 1), plot principally within the 
Undissected, Dissected and Transitional Arc fields (Figures 32a, 32b, 33a, 33b). Similar to 
the basal samples at Sain Sar Bulag North, the three lowermost samples (0 - 220 meters) at 
Sain Sar Bulag South are dominated by plagioclase clasts and, in the case of Sain Sar Bulag 
South, contain no K-spar.
All sandstone samples plot near or within the Arc orogen fields (average sandstone 
composition, Qp^LvmggLsm^ (SSBN), Qp^LvniggLsm^ (GCN), QpgLvrUg^Lsm  ̂ (GCS), 
QPi)LvmggLsm^ (SSBS, Hendrix et al., 1996)) of the Qp-Lvm-Lsm plot of Dickinson
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(1985) (Figures 29c, 30c, 31c, 32c, 33c). The greatest divergence from this trend is at Sain 
Sar Bulag South, where several samples plot slightly out of the Arc Orogen field towards the 
Qp pole (Figure 31c). Feldspar content for Noyon Uul sandstones is somewhat variable, as 
demonstrated by the scatter of points on the Qm-P-K ternary plot (Dickinson and Suczek, 
1979) (Figure 29d, 30d, 3 Id, 32d, 33d). Average sandstone compositions are Qm̂ ^P̂ QK,̂  
(SSBN), Qm^P^gKg^ (GCN), Qm^^P^^K^g (GCS) and Qm^^P 2̂ K,5 (SSBS, Hendrix et al.,
1996). At each location, a few sandstones plot beyond the limit of detrital modes, 
demonstrating significant K-spar. Sandstones from Goyot Canyon North generally plot 
closer to the Qm pole and sandstones from Goyot Canyon South plot nearer the P pole, but 
both Sain Sar Bulag locations show a range of compositions between these two poles.
Results of analysis of Noyon Uul sandstones demonstrate that lithic volcanic clasts dominate 
the rock fragment populations (Table 1, Figures 34 - 37). A general trend of upsection 
decrease in monocrystalline quartz is accompanied by a similar, but more variable, increase in 
plagioclase and/or potassium feldspar and monocrystalline quartz (Figure 37), a trend more 
clearly defined at Sain Sar Bulag South and Goyot Canyon North (Figures 34, 36 & 37). 
Total lithic (Figure 34) and sedimentary/metamorphic lithic (Figure 35) content remains 
relatively consistent throughout the sections, with no clearly definable trend.
Throughout the sections, quartz textures are generally subangular to well-rounded with local 
quartz overgrowths on Qm grains (Figures 38 & 39). Feldspar and lithic volcanic (including 
chert) clast textures are commonly angular to subangular.
The rarity or absence of K-spar and the dominance of plagioclase grains in the basal 
sandstones demonstrates the erosion of Paleozoic volcanic and sedimentary strata but with no 
apparent dissection of the underlying plutonic complex. An upsection compositional change, 
represented by an increase in feldspar and volcaniclastic content (Figures 34-37), suggests 
progressive erosion of Carboniferous and Lower Permian volcanics and Upper Permian 
sedimentary strata, exposed along the margins of the syncline (Zaitsez et al., 1973, 
Anatofeva, 1974 and Yarmolyuk, 1978) and erosion of a plutonic complex associated with 
the Paleozoic volcanics. The consistent upsection increase in volcanic clasts supports the 
interpretation of progressive erosion of Paleozoic volcanic cover strata. Hendrix et al. (1996) 
determined that Permian and Triassic strata at Sain Sar Bulag South were derived from 
volcanics and sedimentary rocks of arc sequences exposed south of Noyon and underpinning 
much of southern Mongolia (Ruzhentsev and Pospelov, 1992, Dorjnamjaa, et al., 1992).
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The source region for the northern limb of Noyon Uul syncline is dominated by felsic 
volcanics and sedimentary rocks, suggesting erosion of volcanic cover but little exposure of 
underlying plutonic systems. The southern sections, however, display deposition of an 
unroofing sequence with initially dominant volcaniclastic and sedimentary lithologies 
supplanted by increasing plutonic clasts.
Pebble Counts
Variability between the north and south limbs of the syncline is apparent in pebble count 
results. Types and percentages of pebble lithologies present at Sain Sar Bulag North and 
Goyot Canyon North are noticeably similar with felsic volcanic lithologies slightly more 
dominant in the western location and sedimentaiy lithologies more significant to the east. 
Both locations show the same cycles of increase and decrease in these lithologies, 
suggesting that the localities shared the same source region and erosional/depositional 
history. Pebble lithology types and percentages are also quite similar for the 1992 pebble 
counts of Sain Sar Bulag South localities (Hendrix et al., 1996) and 1997 pebble counts of 
Goyot Canyon South, also suggesting a common source and erosional history for the two 
southern localities.
Pebble counts were made at 17 stations along the Noyon Uul transects, with 4 stations at 
Sain Sar Bulag North and Goyot Canyon North and 7 stations at Goyot Canyon South 
(Appendix I-III). Between 102 and 359 pebbles were counted at each station and all counts 
were normalized and plotted on histograms (Figure 40). Additionally, 3 pebble counts 
from conglomerate facies strata at Sain Sar Bulag South at 350, 1075 and 2325 meters 
above the base of the section (Figures 23 & 41) were reported by Hendrix et al. (1996). All 
counts at Sain Sar Bulag North and Goyot Canyon North were made within the 
conglomerate facies section and overall pebble compositions remain constant throughout 
the sections. At Goyot Canyon South, three of the pebble counts were made in the 
conglomerate facies of the section and the remaining four counts were made in the 
overlying, sandier portion of the section.
At the northern locations, felsic and intermediate volcaniclastic content increases throughout 
most of the conglomerate facies depositional sequence at the expense of sedimentary/ 
metasedimentary clast content. Near the top of the conglomerate facies depositional 
sequences (1385 meters at SSBN, 850 meters at GCN), sedimentary/metasedimentary clast
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content increases as felsic and intermediate volcanic content decreases. At Sain Sar Bulag 
North, basic volcanic clasts appear near the top (1385 meters) of conglomerate facies strata. 
Basic volcanic clasts appear somewhat lower in the Goyot Canyon North section (390 
meters) and granite clast content, along with the remaining clast composition counts, varies 
by only a few percent.
Pebble count results suggest a mixed volcanic and sedimentary-metasedimentary source 
region during conglomerate deposition at Sain Sar Bulag North and Goyot Canyon North. 
These clasts most probably represent erosion of regional Carboniferous and Lower 
Permian volcanics and sedimentary strata, exposed along the margins of the syncline, and 
the progressive unroofing of the underlying plutonic system. What is most notable about 
these pebble count results is the similarity between counts on the two northern transects 
(Figure 40). Overall clast content, as well as relative percentages and relative changes in 
clast composition percentages, are very similar between the Sain Sar Bulag North and 
Goyot Canyon North pebble counts. Such direct correlations suggest that both locations 
shared a common source region with a common erosional history.
Results of pebble count analysis are more variable for the southern localities (Figures 40 & 
41). At Goyot Canyon South, felsic and intermediate volcaniclastic content varies 
throughout the depositional sequence, increasing or decreasing at different intervals in the 
depositional history. Sedimentary/ metasedimentary clast content varies conversely with 
felsic volcanic content in conglomerate facies strata, increasing near the top of the sequence, 
where felsic volcaniclastic content decreases. Granite clast content, which remained relatively 
low throughout deposition of conglomerate facies strata, increases upsection along with 
sedimentary/metasedimentary clast content. Notably, basic volcanic clasts are present in all 
but the upper two conglomerate samples and intermediate volcanic clasts comprise a greater 
component in Goyot Canyon South pebble counts than is true for samples from the northern 
limb. Also of note is the appearance of gneiss and metamorphic clasts upsection. Results of 
pebble counts for Sain Sar Bulag South (Hendrix et al., 1996) demonstrate an upsection 
increase in intermediate volcanic clasts and granite clasts corresponding with a decrease in 
felsic volcanic clasts. Basic volcanic clasts were present in the lower two pebble count 
samples and sedimentary/metasedimentary clast content increased slightly upsection.
An overall upsection increase in volcanic clasts in pebble counts from Goyot Canyon South 
suggests erosion of a felsic volcanic cover. Pebble count lithologies and percentages for
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Goyot Canyon South are somewhat different than lithologies and percentages for counts on 
the northern limb of the syncline. There is a great deal more variability in clast counts from 
Goyot Canyon South, and intermediate to basic volcanics and granite clasts are more 
common in Goyot Canyon South samples than samples collected from the north limb of the 
syncline. These differences suggest sediments deposited in the Goyot Canyon South region 
were sourced from a different terrain than that supplying the northern locations. This source 
region not only displays a greater variability in lithologies, but this variability suggests deeper 
erosion of the volcanic/sedimentary cover, exposing both associated plutonic and 
metamorphic systems.
D iscussion  
Sedimentology, Stratigraphy and Paleoflow Interpretation
All of the measured sections at Noyon Uul exhibit the same general upward-fining trend 
with an overall sequence of braided fluvial deposits overlain by meandering fluvial to 
alluvial plain deposits. These are overlain by lacustrine delta front, delta distributary and 
prodelta deposits, then open, oxic and deep, anoxic lacustrine deposits. Uppermost strata 
represent a return to lacustrine delta system deposition. Within this general pattern, there is 
some variability between the north and south limbs of the syncline. Conglomerate facies 
strata of the north limb tends to be coarser with more cobbles than strata of the south limb. 
Significant shale and siltstone intervals within the conglomerate facies are much less 
extensive and are sandier on the north limb, suggesting that the northern locations may 
have been more proximal to their source area during braided stream system deposition.
At the base of the depositional sequence, paleoflow was to the south at all locations. Initial 
south directed flow and coarser grain size of northern limb strata are interpreted to represent 
uplift of the northern margin of the basin in response to movement on a north-verging 
frontal thrust (Figure 42a). Reversal of paleoflow at Goyot Canyon South suggests uplift 
of the southern basin margin, interpreted to be the result of movement on a north-verging, 
out-of sequence thrust (Figure 42b) along the southern margin of the basin (e.g., Butler, 
1987).
One of the most striking differences in the strata from the two sides of the syncline is 
present in the finer-grained rocks overlying the conglomerate facies. Distinctive redbeds of 
Sain Sar Bulag North and Goyot Canyon North are nearly nonexistent at Sain Sar Bulag 
South and Goyot Canyon South, where gray siltstone dominates this part of the section. In 
the northern sections redbeds are common, as are thin pebbly sandstone lenses, plant 
material and concretions. On the south limb, some thin sandstone lenses are present, but 
most significant are m thick gravel and common sandstone barsets and sandstone units, 
some of which are soft-sediment deformed, with abundant plant material. The coarser 
grain size in the upper half of the section and the presence of thick sandstone and barset 
units suggests that the southern locale was more proximal to a source region than locations 
on the north limb during meandering stream and alluvial plain systems deposition. Better 
developed calcisol horizons (Mack et al., 1993) in the northern area, finer grain size at
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Goyot Canyon North and the development of a meandering stream system in the southern 
region suggests greater subsidence in the south. Subsidence is interpreted to result from 
loading of the southern basin margin by the southern thrust system. The coincidence of 
thicker deposits and coarse-grained sedimentation in the upper half of the southern limb 
sections suggests that deformation and deposition were in phase and that coarse-grained 
deposits are syndeformational (Tailing et al., 1995).
Unlaminated shales and sandstones of the lacustrine and lacustrine delta systems are less 
extensively developed below the interval of deep lacustrine deposits. Alternation between 
meandering stream and lacustrine/lacustrine delta deposits indicate ponding along the 
southern margin of the basin and coarser grain size suggests closer proximity to source 
area for the southern locations. Western paleoflow at Goyot Canyon North and northwest 
flow at Goyot Canyon South suggests that the axial stream system may have migrated 
north during meandering stream - alluvial plain - lacustrine delta systems deposition. 
Lithofacies relationships and paleocurrent data are interpreted to represent increased uplift 
in the south resulting in increased load and subsidence along the southern basin margin and 
an increase in the flux of sediments towards the basin, leading to migration of the axial 
system to the north.
The laminated shale facies is very similar at all locations, except that shale at the southern 
locations is more commonly convoluted than at Sain Sar Bulag North or Goyot Canyon 
North. Deep, anoxic lacustrine strata are present at all locations in the syncline, but 
stratigraphie thickness varies. The thinnest section is at Goyot Canyon North, with the 
thickest section at Sain Sar Bulag South. This thickness asymmetry mimics the overall 
strata thicknesses of the sections, measuring from the first coarse-grained bed of the Lower 
Triassic to the top of the section. Assuming that the stratigraphie thickness missing at the 
base of the Goyot Canyon North section is of comparable thickness to that measured at 
Sain Sar Bulag North, about 300 m, overall thicknesses for these sections are 
approximately 3475 m for Sain Sar Bulag North and 3150 m for Goyot Canyon North. 
Combined thickness measured at Sain Sar Bulag South in 1992 and 1997 is approximately 
3900 m and the measured thickness of Goyot Canyon South is 3690 m (Figure 23). These 
results show that Mesozoic strata were deposited in an asymmetric basin that deepened to 
the south and to the west.
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The uppermost convoluted and rippled sandstone facies is very similar at all locations, 
except that soft-sediment deformed and horizontally-bedded sandstone is more common on 
the north limb of the syncline. Paleoflow at Goyot Canyon North was to the south and 
southwest and at Goyot Canyon South to the northwest and west during deposition of the 
upper lacustrine delta systems strata, suggesting the axial drainage system was between 
these two locations.
In the discussion so far, I have addressed only paleocurrent data at the Goyot Canyon 
locations. Paleoflow indicators for the western locations suggest that, except at the time of 
deposition of the basal units, flow was to the west and north. North directed flow at Sain 
Sar Bulag North dominates paleocurrent measurements there throughout the depositional 
sequence. This is interpreted to indicate diversion of the axial stream system to the north, 
possibly out of the basin through a watergap in the northern highlands. Alternatively, 
more consistent westward flow at Sain Sar Bulag South may indicate that north-directed 
flow at Sain Sar Bulag North was due to diversion around interbasin topography (Gupta,
1997) (Figure 28e). Thin, shaly coal horizons present in alluvial plain facies strata on the 
north limb of the syncline may also be due to irregularities in basin topography, resulting in 
geomorphic recesses. Such irregularities have been noted to occur in fold and thrust belts 
(Quinlan & Beaumont, 1984, Wise et al., 1991) as a result of advancement of the 
deformational front.
Basin Setting Interpretation
Mesozoic strata of Noyon Uul syncline is interpreted to represent an upward-fining 
sequence of nonmarine strata in an east-trending piggyback basin (Figures 42a & 42b) (Ori 
& Friend, 1984). Braided stream deposition developed upsection into lacustrine delta and 
delta facies deposition, suggesting a genetic linkage between the two systems. Possible 
Gilbert-type delta sets in the conglomerate facies may indicate physical and temporal 
overlap between these two systems, suggesting that conglomerate facies strata were 
deposited in a braid delta (McPherson et al., 1987). Soegaard (1990) has proposed that 
braid deltas are found in low gradient basin margins where sedimentation rates are greater 
than subsidence rates. Later ponding in meandering and lacustrine systems results from 
increased subsidence along the southern margin of the basin, as reflected in basin 
asymmetry (Ridgway et al., 1997). The strong correspondence between basin margin 
uplift, due to fault movement on the northern frontal thrust front and southern out-of-
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sequence thrusts (DeCelles et al., 1987, Butler, 1987), and load-induced subsidence 
suggests that sedimentation was syndepositional (Tailing et al., 1995).
A compressional, piggyback basin setting is favored over a strike-slip basin depositional 
setting for Triassic through Upper Jurassic (?) strata of Noyon Uul. Paleocurrent data and 
provenance results for Noyon Uul support the conclusion that strata on the north limb 
shared a source region as did strata on the south limb. A more varied and complex 
lithology, with abrupt lateral facies changes (Christie-Blick & Biddle, 1985, Nilsen & 
McLaughlin, 1985), would be expected from strike-slip related deposition as basin margins 
(and source regions) migrate laterally over time (Steel & Gloppen, 1980, Christie-Blick & 
Biddle, 1985, Nilsen & McLaughlin, 1985). Additionally, basin depocenters would 
migrate parallel to and in an opposite sense to the major fault motion direction (Read, 1980, 
Steel & Gloppen, 1980, Nilsen & McLaughlin, 1985) and longitudinal flow would 
dominate basin drainage patterns (Steel & Gloppen, 1980). Paleocurrent data at Noyon 
Uul indicates that sedimentation depocenters migrated perpendicular to, rather than parallel 
to, the deformation fronts and that basin sedimentation patterns were dominated by 
transverse drainages feeding into an axial stream system.
Airphoto analysis shows great lateral continuity of stratigraphie packages, on the scale of 
the basin area, and stratigraphie thicknesses (Figure 23) indicate a consistent basin 
asymmetry throughout the depositional history of the basin of down to the south and 
southwest. Stratal packages in a strike-slip basin commonly display local thickness 
asymmetries, with the tendency for lacustrine deposition to persist in a restricted portion of 
the basin. This results in thick accumulations of a facies in only one part of the basin, 
commonly adjacent to the active bounding fault (Steel and Gloppen, 1908). At Noyon 
Uul, lacustrine facies are present basin-wide and exhibit consistent relative thicknesses and 
high lateral continuity. Strike-slip basin strata commonly contain abundant soft-sediment 
deformation and slumping as a result of seismicity related to fault motion (Nilsen & 
McLaughlin, 1985). Synsedimentary soft-sediment deformation at Noyon Uul is not 
ubiquitous and is generally restricted to lacustrine or lacustrine delta facies.
Structure Interpretation
Analysis of airphotos of the Noyon Uul area shows that beds traced around the syncline 
cross-cut each other at the western end of the syncline. Younger strata in the core of the
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syncline are overridden by older strata forming the southern flank of the syncline (Figure 
43). The fault was observed by the 1992 field crew, but no kinematic indicators were 
measured and sense of movement is uncertain. The interpreted arcuate shape of the 
interpreted fault trace (Figure 43), the occurrence of steeply north-dipping and overturned 
to the south strata at Sain Sar Bulag South and cross-cutting stratigraphie relationships 
indicates that Triassic to Lower Jurassic (?) strata at Noyon Uul were deformed by a north- 
vergent thrust. Folding of strata into a doubly-plunging syncline is interpreted to be 
consequent to this motion and deformation. The thrust developed, along strike, into a fold, 
whose axis plunges beneath basin strata. The timing of this deformation is uncertain but it 
can be bracketed between deposition of the uppermost deformed unit (Lower Jurassic ?) 
and Upper Jurassic-Lower Cretaceous strata which locally overlap Permian through Upper 
Triassic-Lower Jurassic (?) strata of the region (Hendrix et al., 1996). It does seem certain 
that folding of the Noyon Uul strata into a doubly-plunging syncline resulted from advance 
of the thrust front. Further, a second doubly-plunging syncline, located directly west of 
Noyon Uul and known as Tost Uul, appears to be the western counterpart to Noyon Uul, 
with the western trace of the fault dying out in the core of that syncline (Figure 43).
C onclusions
Sedimentologic, stratigraphie, paleoflow and provenance studies of Triassic to upper 
Jurassic (?) strata of Noyon Uul syncline in southern Mongolia result in the following 
conclusions:
1) Seven lithofacies have been described and interpreted for strata of Noyon Uul and 
include:
a) conglomerate lithofacies^ representing a braided stream environment. This 
lithofacies is prevalent at all localities low in the section (Figure 28a).
b) gray siltstone and sandstone lithofacies^ interpreted to represent crevasse splay 
and channel deposits of a meandering stream environment. This lithofacies is 
better developed on the south limb of the syncline (Figure 28b).
c) red shale and sandstone lithofacies^ overlies the conglomerate lithofacies on the 
north limb of the syncline and is interpreted to represent overbank deposits and 
alluvial channels in an alluvial plain environment. This facies is coeval with 
gray siltstone and sandstone lithofacies deposition on the south limb of the 
syncline (Figure 28b).
d) convoluted and ripples sandstone lithofacies^ characterized by soft-sediment 
deformed and ripples sandstone interpreted to indicate prograding delta and 
delta front deposition in a delta distributary environment (Figure 28c).
e) laminated shale lithofacies, interpreted to represent settle-out deposition in an 
deep, anoxic lake system (Figure 28d).
f) unlaminated shale and sandstone lithofacies, interpreted to represent episodic 
storm of fluvial plume deposition in an off-shore, prodelta environment (Figure 
28e).
g) unlaminated shale lithofacies, represents settle-out deposition in an open, oxic 
lake system (Figure 28e).
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2) Paleocurrent studies indicate that Triassic to mid Jurassic (?) drainage systems on both 
limbs of Noyon Uul syncline were directed towards an axial drainage system of an 
east-west trending basin with principal transport to the west.
3) Results of sandstone provenance field studies for Noyon Uul (average sandstone 
composition, QpgLvmg^Lsm^, Qm^gPziLtj^ )̂ suggest that dominant volcaniclastic 
lithologies represent the erosion of regional Upper Paleozoic volcanic cover of a relict 
volcanic arc system.
4) Pebble count results support the interpretation of regional erosion of Paleozoic volcanic 
sources. However, variability in amounts and in timing of deposition of granite and 
sedimentary-metasedimentary clasts on the north and south sides of the syncline 
indicate that the two limbs had different source regions.
5) Triassic through Upper Jurassic (?) strata of Noyon Uul syncline is interpreted to 
represent an upward-fining sequence of nonmarine strata in an east-trending piggyback 
basin. Additionally, a compressional basin setting is favored over a strike-slip basin 
depositional setting for Mesozoic strata of Noyon Uul based on evaluation of results of 
this study.
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Sample# Age Lat Long
(...)
Meters 
frm base
Qm F Lt Qt F L Qp Lvm Lsm Qm P K
SSBN
97NU201 Tr 43 17 101 56 5 3 10 88 12 10 79 10 89 1 21 77 2
97NU202 Tr 43 17 101 56 55 3 4 92 9 4 86 6 74 15 43 57 0
97NU203 Tr 43 17 101 56 90 39 11 50 44 11 45 10 83 7 78 15 7
97NU204 Tr 43 17 101 56 210 36 9 56 40 9 51 9 89 3 81 19 0
97NU205 Tr 43 17 101 56 290 29 21 50 33 21 46 8 86 5 58 14 27
97NU206 Tr 43 17 101 56 410 20 34 46 27 34 39 16 76 8 37 37 27
97NU207 Tr 43 17 101 56 485 24 15 61 26 15 58 4 79 13 61 16 23
97NU208 Tr 43 17 101 56 740 25 10 65 28 10 63 4 91 4 72 18 10
97NU209 Tr 43 17 101 56 840 21 12 67 22 12 66 2 95 6 63 25 12
97NU210 Tr 43 17 101 56 920 24 22 54 30 22 48 11 87 4 53 11 36
97NU212 Tr 43 17 101 56 1215 18 23 58 21 23 56 4 95 4 44 44 12
97NU213 Tr 43 16 101 56 1330 24 25 51 27 25 48 6 90 5 50 21 29
97NU214 Tr 43 16 101 56 1395 14 27 59 21 27 52 12 84 4 34 40 26
97NU419 Tr 43 16 101 56 1410 17 35 49 18 35 48 2 90 5 33 44 24
97NU41B Tr 43 16 101 56 1560 17 32 51 21 32 47 8 88 5 34 34 32
97NU413 Tr 43 16 101 56 1885 6 30 65 6 30 64 1 98 5 16 84 0
97NU410 Tr 43 16 101 56 2160 19 47 34 19 47 34 1 87 12 29 63 8
97NU409 Tr 43 16 101 56 2300 9 24 67 11 24 64 4 93 0 27 53 21
97NU408 Tr 43 16 101 56 2550 8 33 59 10 33 57 4 91 3 19 53 27
97NU406 J1? 43 15 101 56 2970 12 42 45 14 42 44 4 93 1 23 35 42
97NU404 J1? 43 15 101 56 3085 14 33 53 14 33 53 0 95 1 30 61 9
97NU403 J1? 43 15 101 56 3285 21 37 42 21 37 42 1 96 1 36 48 15
97NU402 J1? 43 15 101 56 3430 25 27 47 26 27 47 1 95 0 48 42 10
97NU401 J1? 43 15 101 56 3535 22 38 40 23 38 39 3 91 2 36 48 16
97NU400 J1? 43 15 101 56 3540 21 32 48 22 32 47 2 95 0 39 40 20
Mean 19 25 56 22 25 53 5 89 4 43 40 17
Standard Deviation 9 11 13 9 11 12 4 6 4 18 20 12
SSBS
97NU304 J1? 43-15 101-55 3675 11 43 46 12 43 45 2 95 2 20 32 47
97NU305 J1? 43-15 101-55 4210 5 35 60 6 35 60 1 97 1 13 68 19
Mean * 21 25 53 28 25 47 13 83 4 43 42 15
Standard Deviation * 11 8 13 12 8 13 7 9 4 17 20 9
Table 1 : Normalized point count data for Noyon Uul samples calculated from raw grain counts of sandstone framework grains (Qm-F-Lt and Qt-F-L), lithic grains (Qp-Lv-Lsm) and 
monomineralic grains (Qm-P-K), using the methods of Ingersoll et al. (1984). Qm = monocryslalline quartz, F = plagioctase + potassium feldspar, LI = total lithic fragments, including 
Lv (lithic-volcanic rock fragments), Is  + Lm (lithic-sedimentary and metamorphic rock fragments combined), Qp = polycrystalline quartz, including chert, Qt = total quartz,
P =plagioclase, K = potassium feldspar, P/F = potassium feldspar/total feldspar, % mic = mica, % hv = heavy minerals, gran = granitic rock fragments. *Mean and standard deviation 
data for Sain Sar Bulag South includes compositional data taken from Hendrix et al. (1996). 4^
CD
Sample# Age Lat
(•-’)
Long
(•-•)
Meters 
Irom base
Qm F Lt Qt F L Lvm l_sm Qm P K
GCN
97NU215 Tr 43-17 102-02 145 39 10 50 41 10 49 3 94 2 79 11 10
97NU217 Tr 43-17 102-02 320 30 17 53 36 17 47 11 80 7 64 13 22
97NU220 Tr 43-17 102-02 390 31 17 52 37 17 45 12 82 5 64 23 13
97NU224 Tr 43-17 102-02 570 17 28 56 20 28 52 6 90 3 37 26 36
97NU250 Tr 43-17 102-02 690 22 21 57 28 21 51 11 86 2 50 25 24
97NU252 Tr 43-17 102-02 795 12 19 69 17 19 64 7 92 1 40 29 31
97NU253 Tr 43-17 102-02 880 18 24 58 23 24 53 8 87 2 43 39 18
97NU255 Tr 43-17 102-02 960 14 33 53 17 33 50 6 89 2 30 42 28
97NU640 Tr 43-16 102-01 1490 12 27 61 16 27 57 7 87 2 31 46 23
97NU604 Tr 43-16 102-01 1955 18 27 56 21 27 52 6 92 2 40 44 17
97NU603 J1? 43-16 102-01 2360 13 42 45 14 42 44 1 96 1 24 39 37
97NU601 J1? 43-15 102-01 2835 11 40 49 12 40 48 2 96 3 22 55 23
Mean 20 25 55 23 25 51 7 89 3 44 33 24
Standard Deviation 9 9 6 10 9 5 4 5 2 18 14 9
GCS
97NU850 Tr 43-13 102-01 5 35 33 32 39 33 28 14 80 2 51 25 23
97NU052 Tr 43-13 102-01 240 36 12 52 45 12 43 18 78 3 75 25 0
97NU853 Tr 43-13 102-01 505 17 27 56 21 27 52 7 84 8 38 37 25
97NU854 Tr 43-13 102-01 790 11 29 59 15 29 55 7 89 2 27 57 15
97NU855 Tr 43-13 102-01 1205 27 24 49 31 24 45 8 89 1 52 25 22
97NU292 Tr 43-13 102-01 1300 18 28 54 22 28 50 6 88 2 40 32 29
97NU290 Tr 43-13 102-01 1475 16 26 58 18 26 57 3 94 1 38 47 15
97NU288 Tr 43-13 102-01 1610 11 50 39 11 50 39 0 93 6 18 76 7
97NU287 Tr 43-13 102-01 1745 11 41 48 12 41 47 3 92 2 21 79 0
97NU258 Tr 43-13 102-01 1895 7 28 65 9 28 63 3 89 2 19 58 23
97NU260 Tr 43-13 102-01 2115 15 28 58 18 28 54 6 91 1 35 35 30
97NU263 Tr 43-14 102-01 2345 9 48 43 11 48 41 4 89 3 16 59 25
97NU264 Tr 43-14 102-01 2445 25 29 46 26 29 46 2 89 5 46 37 17
97NU267 Tr 43-14 102-01 2495 25 40 35 26 40 34 3 90 2 39 35 26
97NU809 J1? 43-14 102-01 2675 21 42 37 21 42 37 1 94 2 33 44 23
97NU807 J1? 43-15 102-02 3075 14 42 44 15 42 44 1 94 1 25 41 33
97NU805 J1? 43-15 102-02 3230 18 32 50 19 32 49 2 93 1 36 35 29
97NU801 J1? 43-15 102-02 3715 25 31 43 26 31 43 2 94 2 45 41 14
Mean 19 33 48 21 33 46 5 89 3 36 44 20
Standard Deviation 8 9 9 10 9 9 5 5 2 15 16 10
NOYON UUL
Mean 20 27 53 24 27 49 8 87 4 42 41 18
Standard Deviation 10 10 12 11 10 11 6 8 3 17 18 10
Table 1, continued. CO
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Figure 1. Regional tectonic map of Asia showing tectonic blocks and 
Mesozoic basins of western China (Modified from Hendrix et al.. 1996). 
Abbreviated basin names: J = Junggar, Ta = Tarim, Tu = Turpan.
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and Trans-Altay tectonic zones of the 
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Figure 2. Schematic tectonic map of central Asia and the Mongolian fold belts 
with respect to the Junggar-Hegen suture. (Modified from Amory, 1996).
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Figure 3. Simplified geologic map of Mongolia and location of study area (modified from Sjostrom, 1997). Olro
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Key to GPS locations;
Location of 1997 transects
1. N43“ 12.445’ E101® 53.616’ (Hendhx et al. 1996) 12. N43® 15*48.5" El 02® 00’ 14.0*
2. N43® 13*26.3* E101® 54’53.9* 13. N43® 15*39.9* E102°01*3.7*
3. N43® 13.985' EIOI® 55.581’ (Hendrix et al. 1996) 14. N43® 15*25,8" E102®0I’ 11.5*
4. N43®13’35.8* E101®54' 31.6* 15. N43® 14*48.8* El 02® 01’59.0*
5. N43®!4’54.7* E101®55’26.5* 16 N43® 14* 25.7" E102°01*52.9*
6. N43® 15’ 33.3* E101®55’ 15.4* 17. N43® 14* 15.3* E102“01’58.3*
7. N43® 15’ 8.6* EIOI'56'0.5* 18. N43® 14* 0.7" E102®01’59.8‘
8. N43® 14'39.6* E101®55’ 51.0* 20. N43® 13*20.9* E102®02* 20.7*
9. N43® 17’ 0.6" E102®01’42.6" 21. N43® 12’ 42.5" E102®01’53 7*
10. N43® 16*38.5* E l02® 02*28.1" 22. N43® 12’41.2" E102®01*20.2*
11. N43® 16" 21.7" E102°0I'58.0"
Correlation units GPS station
Figure 4. Air photo mosaic of Noyon Uul syncline with location of 1992 and 1997 transects and GPS measurement 
stations keyed to stratigraphie sections (Appendix I, II, III and IV). 01CO
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Figure 5: Trough-crossbedded, dm-scale sandstone inter bedded with massive and planar cross-bedded 
conglomerate of the conglomerate lithofacies at Goyot Canyon North (400 to 450 m). Camels for scale.
Figure 6: Pebble and cobble imbrication within massive gravel of the conglomerate lithofacies from Sain Sur 
Bulag North (640 m). Stratigraphie up is to the left, width of imbricated bed is approximately 1.5 m.
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Figure 7: Interbedded trough cross-bedded sandstones in massive and crudely-bedded gravels of the 
conglomerate lithofacies at Sain Sar Bulag North (255 to 290 m). Up is to the left, bushed are .5 m high.
Figure 8: Planar cross-bedded gravel of the conglomerate lithofacies with channel geometry from Goyot 
Canyon South (2220 m). Up is to the left, bush on far left for scale.
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Figure 9: Tens of meter relief on planar cross-bedded gravel of the conglomerate lithofacies at Goyot Canyon 
North (650 m). Beds are behind and above person for scale. Stratigraphie up is to the left.
Figure 10: Planar cross-bedded sandstone of the conglomerate lithofacies at Goyot Canyon South (1170 to 
1180 m). Note person for scale. Stratigraphie up is to the left.
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Figure 11 : Massive and horizontally-bedded sandstone with channel geometry in the convoluted and rippled 
sandstone lithofacies at Sain Sar Bulag North (2970 m). Note person for scale. Stratigraphie up is to the left.
_
'
Figure 12; Large amplitude soft-sediment deformation in rippled, horizontally-bedded sandstone of the 
convoluted and rippled sandstone lithofacies at Goyot Canyon South (3075 m). Note person for scale. 
Stratigraphie up is to the right.
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Figure 13: Soft-sediment deformed sandstone of the convoluted and rippled sandstone lithofacies, Sain Sar 
Bulag North (3285 m). Note hammer for scale. Stratigraphie up is to the right.
Figure 14: Trough cross-bedded, pebbly sandstone (darker beds) and sandstone (lighter beds) interbeds of 
the gray siltstone and sandstone lithofacies at Goyot Canyon South (2060 m). Bushes are approximately 
.5 m high.
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Figure 15: Well-laminated shale of the laminated shale fades at Goyot Canyon South (2850 m). Scale is 
15 cms.
Figure 16: Laminated orange, silty carbonate of the laminated shale lithofades at Goyot Canyon North 
(2195 m). Scale Is 15 cms. Stratigraphie up is to the right.
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Figure 17: Soft-sediment deformed carbonate and laminated shale of the laminated shale lithofacies at 
Goyot Canyon South (2865 m). Scale is 15 cms.
Figurel 8: Red shale and thin, massive sandstone beds of the red shale and sandstone lithofacies at Sain 
Sar Bulag North (1870 to 1900 m).
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Figure 19: Red and green shale with sandstone interbeds of the red shale and sandstone lithofacies at 
Goyot Canyon South (3665 to 3680 m). Note person for scale.
Figure 20: White caliche horizon cut by red conglomerate lens of the red shale and sandstone lithofacies at 
Sain Sar Bulag North (1800 m). Note hammer for scale. Stratigraphie up is to the right.
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Figure 21 : Red and brick red shale with interbedded massive and horizontally-bedded sandstone of the red 
shale and sandstone lithofacies at Sain Sar Bulag North (1950 to 1970 m).
Figure 22; Brown bivalve coquina of the unlamlnated shale and sandstone lithofacies at Sain Sar 
Bulag North (3470 m).
3600m J
2200 m J
1800m J
Sain  S a r  
Bulag South
2400 m A,
2000 m J
leoom  J  l a
1400 m I 1^
1200 m J
1000 m
600 m J —
1 6 t
15f̂
14f
Correlation surface
2200 m
Sain  S ar 
Bulag North
1ST
12 t  
11 T 
10 T
9 t
8 T
1600 m J
1400 m J
4 4 -  
3  t
2 4 -
1 i
14kT
1 3 i
12f
lOf
9  4 -  
8
7 i  
6  ̂
5 ir
4 i
3
2
1 i
Goyot Canyon 
North 
KEY
m  Laminated shale Siltstone
I I Unlaminaled shale | | Sandstone
Red shale ^  ^  Conglomerate
Paleocurrent symbol 
C = Conglomerate facies 
CRS = Convoluted & rippled sandstone facies 
GSS = Gray siltstone and sandstone facies 
LS -  Laminated shale facies 
RSS = Red Shale & sandstone facies 
US = Unlaminaled shale facies 
USS = Unlaminaled shale and sandstone facies
2200 m ^ 1
63
2 4 4 -
23
22
11  sT
8 J'
1 'ii
Goyot Canyon 
South
Figure 23; Condensed representation of the four Noyon Uul stratigraphie sections, lithofacies determinations and 
paleocurrent directions. The lower 3300 m of the Sain Sar Bulag South section have been adapted from Hendrix 
et al. (1996). The laminated shale lithofacies serves a s  a  correlationsurface for the sections. Numbers besides 
paleocurrent arrows correspond to numbers of measurem ent locations taken from text (Figures 24, 26, 27 & 28),
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Figure 24: Paleocurrent direction Indicator data for Sain Sar Bulag North. Rose diagram labels 
are keyed to stratigraphie section (Appendix I). Square on perimeter of diagram represents 
average axis of measured trough limbs (DeCelles et al., 1983).
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Figure 24, continued
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Figure 25: Summed paleocurrent measurements for all Noyon Uul locations. 
Paleocurrent data for Sain Sar Bulag South is from Hendrix et al. (1996).
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Figure 26: Paleocurrent direction indicator data for Goyot Canyon North. Rose diagram labels 
are keyed to stratigraphie section (Appendix II). Square on perimeter of diagram represents 
average axis of measured trough limbs (DeCelles et al.. 1983).
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Figure 26, continued
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Figure 27: Paleocurrent direction indicator data for Goyot Canyon South. Rose diagram labels 
are keyed to stratigraphie section (Appendix III). Square on perimeter of diagram represents 
average axis of measured trough limbs (DeCelles et al., 1983).
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Figure 27, continued
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Figure 27, continued
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Figure 28. Paleogeographic evolution 
of Noyon Uul region, using lithofacies 
and paleocurrent interpretations from 
this study. Figure is modified from 
Hendrix et al. (1999).
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Figure 29: Cumulative point count data for all locations at Noyon Uul (n = 85) (Plots a-c after Dickinson, 1985, plot c after Dickinson and Suczek,
1979). Sain Sar Bulag South data taken from Hendrix et al. (1996). White circles = GCN, black circles = GCS, white squares = SSBN, black ^
squares = SSBS. Gray envelopes represent one standard deviation. Gray squares represent sample mean. co
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Figure 30: Cumulative point count data for Sain Sar Bulag North (n = 25) (Plots a-c after Dickinson, 1985, plot c after Dickinson and Suczek,
1979). Gray envelopes represent one standard deviation. Gray squares represent sample mean. 2
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Figure 31 ; Cumulative point count data for Goyot Canyon North (n = 12). (Plots a-c after Dickinson, 1985, plot c after Dickinson and Suczek,
1979). Gray circles represent sample mean. üi
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Figure 32: Cumulative point count data for Goyot Canyon South (n = 18) (Plots a-c after Dickinson, 1985, plot c after Dickinson and Suczek,
1979). Gray envelopes represent one standard deviation. Gray circles represent sample mean. VI0)
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Figure 33: Cumulative point count data for Sain Sar Bulag South (n = 32). (Plots a-c after Dickinson, 1985, plot c after Dickinson and Suczek,
1979). Point count data is taken from Hendrix, et al. (1996) except for sample #s 97NU304 and 97 NU305. Gray envelopes represent one ^
standard deviation. Gray circles represent sample mean. Zj
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Figure 34: Qm - F * Lt stratigraphie provenance trends for sandstones at all Noyon Uul locations. 
Abbreviations for Figures 44 -47. Qm = monocrystalline quartz, F = plagioclase + potassium feldspar, 
U = total lithic fragments, including Lv (lithic-volcanfc rock fragments), Ls + Lm (lithic-sedimentary 
and metamorphic rock fragments combined). Qp = polycrystalline quartz, including chert, Qt = total 
quartz, P =plagioclase, K = potassium feldspar. All point count data for SSBS is taken from Hendrix 
et al. (1996) except for samples 97NU304 and 97NU305.
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Figure 35: Qt - F- L stratigraphie provenance trends for sandstones at all Noyon Uul
locations. Ail point count data for SSBS is taken from Hendrix et ai. (1996) except for
samples 97NU304 and 97NU305.
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Figure 36: Op - Lv - Lsm stratigraphie provenance trends for sandstones at all Noyon Uul
locations. All point count data for SSBS is taken from Hendrix et al. (1996) except for
samples 97NU304 and 97NU305.
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Figure 37: Qm - P - K stratigraphie provenance trends for sandstones at all Noyon Uul
locations. All point count data for SSBS is taken from Hendrix et al. (1996) except for
samples 97NU304 and 97NU305.
Figure 38: Photomicrograph of Goyot Canyon North sandstone 97-NU-217, showing sub-angular to well- 
rounded monocrystalline quartz grains with overgrowths. Abbreviations are found in the text.
Figure 39: Photomicrograph of Gogyot Canyon South sandstone 97-NU-807, showing angluar to sub- 
angular feldspar and lithic volcanic grains and sub-angular to well-rounded monocrystalline quartz grains 
with overgrowths. Abbreviations are found in the text.
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Figure 40: Conglomerate pebble counts for SSBN, GCN and GCS. Abbreviations: no qrtz 
felsic = felsic volcanic, no visible quartz, intermed vole = Intermediate volcanic, 
sed/m etased = sedimentary/metasedimentary rock, meta = metamorphic rock.
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Figure 41: Conglomerate pebble counts for Sain Sar Bulag South, taken from Hendrix et 
al., 1996. Abbreviations: undiff. = undiferrentiated volcanics, qtz -  quartz. Felsic, inter­
mediate and basic categories all refer to volcanic compositions.
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Figure 42a; Conceptual paleogeography of Noyon Uul region during Early Triassic. Two develop­
ing, north-verging thrust systems, with principal movement on northern limb of the syncline, result 
in south-directed paleoflow in a  piggyback basin. An axial drainage system is located along the 
southern margin of the basin directing drainage to the west and out of the basin.
Noyon Uul syncliine
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Figure 42b: Conceptual paleogeography of Noyon Uul region during Late Triassic - Early Jurassic. 
Both thrust systems are active, providing both north and south-directed paleoflow. Interior 
drainage is to the north and west, with periods of significant ponding of water in shallow to deep 
lacustrine systems within the basin. Late stage movement on the southern thrust will eventually 
involve strata of Noyon Uul, deforming the region into a doubly-plunging syncline (Figure 42).
Goyot Canyon
Canyon
Location of 1992 transect (Hendrix et al., 1996) 
Location of 1997 transects 
Stratigraptiic correlation units
Thrust Fault 
Syncline
Figure 43: Air Photo mosaic of Noyon Uul syncline with location of 1992 and 1997 transects, stratigraphie correlation 
units, fold axes and interpreted thrust.
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Appendix I: Key for all stratigraphie sections and the Sain Sar Bulag North 
stratigraphie section.
Nonlaminated shale Conglomerate
Laminated shale Mudchip breccia / 
conglomerate
Sandy shale
Silty shale
Siltstone
I I I
M
a
Carbonate
Bivalve coquina
Caliche
Massive sandstone Coal, coaly shale
Horizontally-bedded Covered or
sandstone inferred interval
Wavy planar- 
laminated sandstone
Planar cross-bedded 
sandstone
Trough cross-bedded 
sandstone
Soft-sediment 
deformed sandstone
Planar cross-bedded 
conglomerate
O
gen pci 
97NU210
Fossil wood or 
plant fragments
Pebbles
Ripples
Mud chips, shale ripups 
Caliche/sideriate nodules
Imbricated clasts 
Fault
Paleocurrent station 
Provenance sampling site
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Appendix II: Goyot Canyon North stratigraphie section.
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Appendix III: Goyot Canyon South stratigraphie section.
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Appendix IV: Sain Bar Bulag South stratigraphie section measured in 1997.
s r a .
n r x T î i 111111 I
iiiJLIJTL I  I I I
li Il l[
'1IIt;Liw#f
I
II
i
Itt(I ( iI
T T T m T X T Z m
■y:.;. ■
# @ #
I l' j - n  I I r r m z i
1 I I I I I 1
r r m x i I I I I I T T .* «  b ni V *ib«*
. T j r « i î v « s : K ; i ^ S ü ;
TT I' r  f I I
« I  «H #  m # *  # # # »
I I I I  I  T - |
Sample# Age Let
 ( 1 1
Long Meters Q m  Q p  Cht K P Lvm I s  Lc Lm Lu b t  m s chi D cem m a tr  por Gran Rad 
*rm base_____________________________________________________  Frags c h t
SSBN
97NU201 Tr 4 3 17 101 -56 5 12 7 35 1 4 4 361 0 0 1 2 0 0 0 10 9 18 0 Y 0
97N U 202 Tr 4 3 17 101 56 5 5 9 8 8 0 12 1 8 8 2 8 0 15 6 0 0 0 10 2 0 2 3 11 N 0
97N U 203 Tr 4 3 17 101 56 9 0 1 7 5 12 10 15 3 4 1 8 6 4 0 6 6 2 0 0 0 4 7 3 0 N 0
97N U 204 Tr 4 3 17 101 56 2 1 0 1 5 0 12 8 0 3 6 2 0 8 2 0 2 3 0 0 0 1 6 8 10 0 Y 0
97N U 205 Tr 4 3 17 101 56 2 9 0 1 1 5 13 2 5 4 2 8 1 6 7 0 0 10 3 1 0 1 12 9 4 0 0 N 0
97N U 206 Tr 43 17 101 56 4 1 0 8 5 2 0 12 61 8 4 1 5 2 5 0 5 5 0 0 0 2 4 6 2 3 0 Y 0
97N U 207 Tr 43 17 101 56 4 8 5 1 0 5 10 2 4 0 2 7 2 1 4 3 0 0 1 0 4 5 0 0 0 3 6 17 0 N 0
97N U 208 Tr 43 17 101 56 7 4 0 9 5 11 0 13 2 4 2 2 7 0 0 8 4 4 0 0 10 41 6 3 0 N 0
97N U 209 Tr 4 3 17 101 56 8 4 0 9 6 6 1 18 3 8 2 9 6 2 0 4 2 0 0 1 4 3 0 2 0 N 0
97N U 210 Tr 43 17 101 56 9 2 0 9 4 11 12 6 4 2 0 183 3 0 1 0 0 0 0 4 2 5 8 3 0 Y 0
97N U 212 Tr 43 17 101 56 1 2 1 5 8 5 9 2 2 3 8 4 2 5 5 1 0 0 1 0 0 0 18 16 5 1 N 0
97N U 213 Tr 43 16 101 56 1 3 3 0 1 0 9 12 2 6 4 4 7 2 0 6 1 0 6 1 1 0 0 3 13 3 5 0 Y 0
97N U 214 Tr 43 16 101 56 1 3 9 5 6 2 3 0 2 4 8 7 2 2 2 4 0 0 8 2 1 0 0 6 9 36 0 Y 0
97N U 419 Tr 43 16 101 56 1 4 1 0 7 0 5 0 51 9 4 185 0 0 10 5 3 0 0 2 0 3 9 12 6 N 0
97N U 418 Tr 43 16 101 56 1 5 6 0 5 9 11 4 5 5 6 0 1 6 0 0 0 3 3 2 0 0 6 7 3 6 4 0 Y 0
97N U 413 Tr 43 16 101 56 1 8 8 5 21 3 0 0 111 2 3 7 0 0 0 3 1 0 0 18 6 3 4 3 0 Y 0
97N U 410 Tr 4 3 16 101 56 2 1 6 0 8 0 0 1 2 2 1 7 2 1 2 3 1 0 7 10 0 0 0 3 7 15 2 8 4 N 0
97N U 409 Tr 4 3 16 101 5 6 2 3 0 0 3 5 6 4 2 7 6 9 2 4 8 0 0 7 1 1 0 0 13 5 4 3 5 0 Y 0
97N U 408 Tr 4 3 16 101 5 6 2 5 5 0 2 9 6 2 41 8 0 201 1 0 5 5 5 0 0 1 106 18 0 Y 0
97N U 406 J1 ? 4 3 15 101 5 6 2 9 7 0 5 3 6 1 9 8 8 2 1 7 9 0 0 5 1 1 0 0 0 4 9 2 5 0 Y 0
97N U 404 J1 ? 43 15 101 56 3 0 8 5 6 0 1 0 18 1 2 3 2 1 3 0 0 9 2 2 0 0 12 35 2 4 1 N 0
97N U 403 J1 ? 43 15 101 56 3 2 8 5 9 8 1 0 4 2 131 1 9 0 0 0 6 1 0 0 0 7 10 7 7 N 0
97N U 402 J1 ? 43 15 101 56 3 4 3 0 121 3 0 2 5 1 0 4 2 1 4 1 0 7 0 2 0 0 6 7 2 8 N 0
97NU401 J1 ? 4 3 15 101 5 6 3 5 3 5 9 7 5 0 4 2 12 9 1 6 4 1 0 8 3 3 0 0 14 7 15 12 N 0
97N U 400 J 1 ? 4 3 15 101 56 3 5 4 0 9 0 4 0 4 6 9 2 1 9 6 0 0 7 0 0 0 0 5 31 6 2 3 N 0
SSBS
97N U 304  J1?  4 3 - 1 5  1 0 1 -5 5  3 6 7 5  4 4  3
97N U 305  J1?  4 3 - 1 5  1 0 1 -5 5  4 2 1 0  1 8  1
1 10 4  71 1 7 4  1 0 3 2 2 0 0 0 7 8  17  0 Y 0
1 2 7  9 5  2 0 4  0 0 2 3 0 0 0 8 9 8  4 3  0 Y 0
Appendix V: Raw point count data for Noyon Uul samples calculated from counts of sandstone framework grains (Qm-F-Lt and Qt-F-L), lithic grains, (Qp-Lvm-Lsm) and 
monomineralic grains (Qm-P-K), using the methods of Ingersoll et al. (1984). Qm = monocrystalline quartz. F = plagioclase + potassium feldspar, Lt = total lithic fragments, 
including Lv (lithlc-volcanlc rock fragments), Ls + Lm (lithlc-sedimentary and metamorphic rock fragments combined), Qp = polycrystalline quartz, including chert,
Qt -  total quartz. P =plagloclase, K = potassium feldspar, P/F = potassium feldspar/total feldspar. % mic = mica, % hv = heavy minerals, gran = granilic rock fragments.
Sample# Age Lat Long
________________r - ' )
Meters Q m  Q p  Cht K 
frm b ase
P Lvm Ls Lc Lm Lu b t  m s chi D cem  m a tr  por Gran Rad 
___________________________________________________________________ Frags c h t
GCN
97N U 215
97N U 217
97N U 220
97N U 224
97N U 250
97N U 252
97N U 253
97N U 255
97N U 640
97N U 604
97N U 603
97NU601
GCS
97N U 850
97N U 852
97N U 853
97N U 854
97NU855
97NU292
97NU290
97NU288
97N U 287
97N U 258
97N U 260
97N U 263
97N U 264
97N U 267
Tr 4 3 - 1 7 1 0 2 -0 2 1 4 5 141 5 0 18 19 1 7 0 0 3 1 4 3 6 0 0 4 6 6 3 3 0 N 0
Tr 4 3 - 1 7 1 0 2 -0 2 3 2 0 1 1 8 13 10 41 2 4 16 6 11 0 5 3 1 0 0 2 9 3 13 0 Y 0
Tr 4 3 - 1 7 1 0 2 -0 2 3 9 0 1 2 3 13 12 2 5 4 4 16 9 6 0 1 5 2 0 0 2 9 8 0 0 Y 0
Tr 4 3 - 1 7 1 0 2 -0 2 5 7 0 71 9 5 6 9 5 0 2 1 5 3 0 3 3 5 0 0 1 1 3 5 3 0 Y 0
Tr 4 3 - 1 7 1 0 2 -0 2 6 9 0 9 3 2 0 7 4 5 4 7 2 1 3 0 0 3 4 6 0 0 3 2 2 3 7 0 Y 0
Tr 4 3 - 1 7 1 0 2 -0 2 7 9 5 5 3 9 11 4 2 3 9 2 7 2 1 0 0 2 1 0 0 11 1 9 4 0 0 Y 0
Tr 4 3 - 1 7 1 0 2 -0 2 8 8 0 71 18 1 3 0 6 5 1 9 9 3 0 7 1 1 0 0 2 3 4 6 8 0 Y 0
Tr 4 3 - 1 7 1 0 2 -0 2 9 6 0 6 0 13 1 5 7 8 5 2 0 6 3 0 7 2 1 0 0 2 5 3 10 0 Y 0
Tr 4 3 - 1 6 102-01 1 4 9 0 4 4 11 4 3 3 6 6 1 9 7 1 0 10 4 7 0 0 19 2 4 8 0 0 Y 0
Tr 4 3 - 1 6 102-01 1 9 5 5 7 2 11 3 3 0 7 9 2 0 7 0 0 1 4 0 0 0 2 0 5 9 14 0 Y 0
J1 ? 4 3 - 1 6 102-01 2 3 6 0 5 0 1 1 77 81 1 6 2 0 0 3 2 0 0 0 12 9 0 21 0 Y 0
J1 ? 4 3 - 1 5 102-01 2 8 3 5 4 2 3 0 4 4 105 1 7 7 0 0 0 5 2 0 0 7 5 6 5 9 0 Y 0
Tr 4 3 - 1 3 102-01 5 1 6 6 21 1 7 5 8 2 12 2 1 0 6 2 4 0 0 3 15 2 0 Y 0
Tr 4 3 - 1 3 102-01 2 4 0 1 4 3 2 0 17 0 4 7 161 4 0 1 3 0 0 0 0 7 2 3 2 0 Y 0
Tr 4 3 - 1 3 102*01 5 0 5 6 0 1 1 3 3 9 5 7 1 6 3 1 0 3 14 1 0 0 0 1 4 8 0 0 N 0
Tr 4 3 - 1 3 102-01 7 9 0 4 7 7 10 2 6 98 2 2 3 2 0 6 3 4 0 0 1 4 7 2 6 0 Y 0
Tr 4 3 - 1 3 102-01 1 2 0 5 1 1 9 10 7 51 5 7 195 0 0 3 3 0 0 0 2 2 5 2 8 0 Y 0
Tr 4 3 - 1 3 102-01 1 3 0 0 7 0 10 3 51 5 6 180 2 0 6 3 0 0 0 6 6 2 51 0 Y 0
Tr 4 3 - 1 3 102-01 1 4 7 5 6 4 5 2 2 5 8 0 221 1 0 5 2 8 0 0 6 14 6 7 0 Y 0
Tr 4 3 - 1 3 102-01 1 6 1 0 4 6 0 0 18 1 9 8 154 0 0 2 10 4 1 0 15 2 4 2 8 0 N 0
Tr 4 3 - 1 3 102-01 1 7 4 5 41 4 1 0 156 171 0 0 5 4 6 1 1 16 5 7 3 7 0 Y 0
Tr 4 3 - 1 3 102-01 1 8 9 5 2 6 5 3 31 8 0 2 2 9 2 0 14 4 3 0 0 4 7 5 2 4 0 Y 0
Tr 4 3 - 1 3 102-01 2 1 1 5 5 5 11 2 4 8 5 6 199 0 0 5 2 3 0 0 13 4 6 6 0 0 Y 0
Tr 4 3 - 1 4 102-01 2 3 4 5 37 7 0 5 8 136 155 1 0 8 4 4 0 0 8 5 2 3 0 0 Y 0
Tr 4 3 - 1 4 102-01 2 4 4 5 1 1 6 4 0 4 3 9 3 1 9 4 4 0 10 6 1 0 0 5 14 0 10 N 0
Tr 4 3 - 1 4 102-01 2 4 9 5 1 1 6 3 2 7 6 105 1 4 4 0 0 8 3 1 0 0 4 8 1 2 8 N 1
J1? 4 3 - 1 4 102-01 2 6 7 5 9 3 1 0 6 5 126 1 5 8 0 0 6 3 4 0 0 13 2 7 4 0 N 0
J17 4 3 - 1 5 1 0 2 - 0 2 3 0 7 5 5 8 2 0 7 6 9 4 17 0 0 0 6 2 2 0 0 1 6 8 21 0 Y 0
J1? 4 3 - 1 5 1 0 2 -0 2 3 2 3 0 7 7 4 0 62 74 1 9 9 2 0 8 1 2 0 0 1 6 7 3 0 N 0
J1 ? 4 3 - 1 5 1 0 2 -0 2 3 7 1 5 111 2 1 3 6 102 1 7 8 0 0 6 3 4 0 0 4 2 6 0 2 7 N 0
Appendix V (continued).
